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EXPLORING AIMS FOR SCHOOL MATHEMATICS 
IN CURRICULAR SYSTEMS 
ANDREW S. RICHMAN 
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Major Professor: Leslie Dietiker, Ph.D., Associate Professor of Mathematics Education 
ABSTRACT 
The persistence of a 120 year-old mathematics curriculum despite dramatic 
changes in society (Dossey et al., 2016; NCTM, 2018) and the failure of the US 
mathematics education system to achieve many of its stated aims, especially for students 
from traditionally marginalized populations (Attridge & Inglis, 2013; Carnevale & 
Desrochers, 2003a; Ganter & Barker, 2004; Kastberg et al., 2016; Lei et al., 2015; Mullis 
et al., 2016) raises the question: “What aims, if any, actually shape the curriculum 
experienced by students?”  
This dissertation adds to what is known about curricular systems by building a 
theory of the role of aims for school mathematics in curriculum development, planning, 
and enactment. It does so by undertaking a qualitative analysis of ten lessons by four 
different teachers at two different high schools; tracking how the lessons are transformed 
from instructional materials into plans by the teacher and then enacted in classrooms and 
perceived by students. This dissertation analyzes these lessons through the lens of activity 
theory, enabling a deeper understanding of how aims can be described and how they 
permeate curricular systems. 
 
x 
The data analysis produces a framework for how aims can be described and 
categorized, how aims permeate an individual stage of curriculum, and how aims 
permeate across stages of curriculum. It finds that aims can be conceptualized as having 
two parts, a central activity for which mathematical learning is designed to prepare 
students and the function that school mathematics plays in preparing students to 
participate in that central activity. The extent to which and how aims permeate a stage of 
curriculum can be described as the extent to which the mathematical goals for the lesson 
are connected to clear central aims. The aims found in particular stages of curriculum and 
the levels of permeation of those aims in those stages can be tracked across stages to 
determine whether the stages are reinforcing each other’s support for the achievement of 
aims or working at cross purposes. The application of this framework to the selected 
curricular systems reveals many lessons with low levels of aim permeation and extensive 
changes in the aims of lessons as the curriculum is transformed from intention to plan to 
enactment.  
This study suggests that aims are underutilized in curricular planning and 
provides evidence that the mathematics curriculum may be built following disciplinary 
logic with aims created to justify what is already in place. Further research must be done 
to explore this conjecture. If it is supported, then curriculum decision makers who seek to 
improve the extent to which they achieve their aims and eliminate racial and economic 
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 CHAPTER ONE: INTRODUCTION 
When I see those arbitrary things that I don't love teaching as much, they're… not 
necessarily challenging, or interesting, or thought provoking, and they aren't 
transferable. Those are the ones that I think, "What are we really doing here?” 
- Mr. Mays, Geometry teacher at Harris Charter School1 
 
1.1 Statement of Problem and Rationale for Study 
“What are we really doing here?”, the question Mr. Mays asks in the quote above, 
is a common question in high school mathematics classrooms in the United States. When 
asked by students, it is easy to dismiss as an expression of frustration with momentary 
difficulty. However, there is good reason to take it seriously. The predominant high 
school mathematics curriculum, two years of algebra and one year of geometry, has been 
in place for over a hundred and twenty-five years despite massive changes in American 
day-to-day life (Dossey et al., 2016; NCTM, 2018). 
In his statement, Mr. Mays suggests some of the most common justifications for 
this curriculum; that any challenge supports broad mental growth, that mathematics can 
be interesting in and of itself, and that the content can be transferrable to a wide variety of 
important activities. Unfortunately, the system of mathematics education in the United 
States is struggling to meet these aims. With regard to broad mental growth, efforts to 
demonstrate the benefits of mathematics instruction to general problem solving skills, 
logical thinking beyond the discipline, or general intelligence have failed to show a 
strong connection (Attridge & Inglis, 2013; Jurdak, 2006; Owen et al., 2010). Secondly, 
the majority of students in the United States do not enjoy their mathematical studies 
 
1 All teacher and school names in this study are pseudonyms. 
 
 2 
(Mullis et al., 2016; National Center for Education Statistics., 2017; OECD, 2013). 
Lastly, mathematical instruction has not led to the practical benefits to which Mr. Mays 
alludes. US schools have had limited success developing students’ ability to use 
quantitative information to make day-to-day decisions. (Kastberg et al., 2016; OECD, 
2017; Rampey et al., 2016), preparing students for the labor market (Carnevale & 
Desrochers, 2003a; Deloitte, 2015), and developing the skills needed for STEM majors in 
college (Ganter & Barker, 2004). Persistent achievement gaps in mathematics 
(Rotermund & Burke, 2021) stemming from opportunity gaps (Flores, 2007) and growing 
economic inequality in the United States (Lei et al., 2015) suggest that these failures fall 
disproportionately on students from traditionally marginalized populations.  
This study focuses on the rationales for teaching and learning school mathematics, 
such as developing students’ general thinking skills or preparing students for the labor 
market, which I call aims for school mathematics. These are the beyond-the-classroom 
benefits that are attributed to the teaching and learning of mathematics in K-12 schools. 
The endurance of a 19th century curriculum and the system’s failure to achieve many of 
its aims raises an important question: What aims, if any, actually shape the curriculum 
experienced by students?  
Aside from the enduring importance of topics codified in the late 1800s, there is 
other evidence that the focus of curricular decision making is mathematical goals not the 
benefits that achieving these goals can provide. For example, standards for school 
mathematics are usually organized according to a disciplinary logic (e.g., National 
Council of Teachers of Mathematics, 2000; National Governors Association Center for 
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Best Practices, Council of Chief State School Officers, 2010) rather than around the ways 
that the mathematics might be applied (Wake, 2015). They take the form of content goals 
such as understanding how to calculate and compare unit rates, process/practice goals 
such as making sense of problems and persevering in solving them (NGACBP/CCSSO, 
2010), or attitude goals such as developing a habitual inclination to see mathematics as 
sensible, useful, and worthwhile (Kilpatrick et al., 2001).  
Some might argue that an emphasis on mathematical goals, as opposed to the 
broader aims that these goals are intended to support, is warranted. One cannot expect a 
system to receive the benefits that are intended to accrue from the achievement of 
mathematical goals if these goals have not been met. However, it is also possible that 
failures to accomplish broader aims stems not only from unachieved mathematical goals 
but also from a mismatch between goals and aims. Perhaps the mathematics that is 
learned is not what is needed to achieve stated aims (Ganter, 2016; Garfunkel & 
Mumford, 2011; Seeley, 2019; Shaughnessy, 2011; Steen, 2001; Usiskin, 2014; Williams 
et al., 2001). An increased emphasis on statistics and growing pressure to include more 
data science in the curriculum reflects this perspective (Boaler & Levitt, 2019; Garfunkel 
& Mumford, 2011). 
Although research over the past 30 years has examined curriculum at a variety of 
stages, it has, for the most part, focused on mathematical goals as the ends of school 
mathematics, not the aims that justify them. A detailed model of a complex curricular 
system has been developed that describes how the curriculum intended by policy makers 
and curriculum developers is transformed in teacher planning and enactment to become 
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the curriculum that is experienced by students in the classroom (Remillard & Heck, 2014; 
Tarr et al., 2008). This model points to the powerful role that teachers play in determining 
the impact of other influences, such as standards and textbooks (e.g., Lloyd, 2007; 
Remillard, 2005). This body of work has documented how mathematical goals are 
impacted by teachers’ perspective on the nature of mathematics (Remillard, 1999; Sleep 
& Eskelson, 2012). Little is known, however, about the role of broader aims in this 
system.  
This study adds to what is known about curricular systems by building a theory of 
the role of aims for school mathematics in curriculum development, planning, and 
enactment. It does so by undertaking a qualitative analysis of ten lessons by four different 
teachers at two different high schools, tracking how the lessons are transformed from 
instructional materials into plans by the teacher and then enacted in classrooms and 
perceived by students. It investigates the overarching question What role, if any, do aims 
for school mathematics play in the selected curricular systems? via two research 
questions: 
1) How can aims for school mathematics be described and categorized? 
2) To what extent and how do aims for school mathematics permeate the selected 
curricular systems? 
In addition to creating theory that will deepen the field’s understanding of 
curricular systems in general, this study explores possible reasons for why many aims are 
not being achieved. If aims do not permeate deeply into the systems, or do so in ways that 
are counterproductive, then fostering more attention to aims by decision makers may be a 
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promising line of attack for those seeking to more effectively achieve aims. Furthermore, 
understanding how aims shape curriculum will provide those seeking to change 
curriculum additional insight into the mechanism they are trying to influence. 
1.2 Summary of Upcoming Chapters 
The literature review in Chapter 2 provides historical context for this study, an 
overview of existing perspectives on aims for school mathematics, and a description of 
current research on the role of aims in curricular systems. The historical review recounts 
the broad role of aims for school mathematics in shaping the United States secondary 
mathematics curriculum since colonial times. In doing so, it describes the historical aims 
that have led to the current universality of a set of topics that were first codified in the 
late 1800s. The overview of existing perspectives on aims enumerates a wide variety of 
aims for school mathematics that are described in research and policy literatures. This list 
provides a broad perspective on what aims can be and supplies sensitizing concepts for 
the study’s data analysis. The review of current research on the role of aims in curricular 
systems conveys how mathematical goals, not aims, have been the focus of curricular 
research that incorporates educational objectives and summarizes what is known about 
both. The lack of research on aims, particularly how multiple aims combine in lessons, 
further highlights the need for this study. 
Chapter 3 provides conceptual and theoretical grounding for the study. It 
introduces the broad definition of curriculum that I use and explains how this definition 
shapes the concept of a curricular system on which the design of this study is based. It 
then expands upon the idea of a curricular system by describing, in detail, the stages and 
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transformations of curriculum that comprise this system. The chapter then elaborates on 
the concept of aims for school mathematics, the central focus of this study. This 
elaboration provides a more complete definition and distinguishes aims from other 
educational objectives. This exercise in contrasts pays special attention to the difference 
between aims for school mathematics and mathematical goals because these are the two 
primary kinds of educational objectives encountered in mathematics curriculum. Lastly, 
Chapter 3 provides an additional layer of theory to the conception of curricular systems. 
Existing theory of curricular systems describes how curriculum changes as it progresses 
from instructional materials to teacher plans to an enactment but does not explain what 
motivates these changes. In this chapter, I explain how I use Cultural Historical Activity 
Theory as a framework for adding this complexity to curricular systems research.  
Chapter 4 describes how I conducted this study. It begins by explaining my choice 
of schools, teachers, and lessons. It then describes the data collection; what data I chose 
to collect and how I obtained it. This description is followed by an explanation of the 
analysis of the data: which codes I used and how I used those codes to develop themes 
within stages of curriculum, across the stages of a lesson, and across the ten lessons that 
were analyzed. 
Chapters 5, 6, and 7 present the findings of the study. The findings are organized 
by the breadth of their focus with the Chapter 5 findings the most tightly targeted. 
Chapter 5 reports on the individual aims found in the lessons. It addresses Research 
Question 1, How can aims be described and characterized? by reporting on the two 
aspects of aims that I found to be useful in their characterization. It then uses these 
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aspects to categorize the aims evident in the lessons. Chapter 5 also begins to address 
Research Question 2: To what extent and how do aims permeate the selected curricular 
systems? It addresses this question at the level of the most focused mathematical goals 
within a lesson by reporting characteristics of descriptions of how aims are supported by 
these most focused of goals. These findings become the first part of my theory of the role 
of aims in curricular systems. 
Chapter 6 zooms out to address Research Question 2 at the stage level with a 
focus on teacher planning. It first describes characteristics of how individual aims 
permeate the teacher planning stage of curriculum. It then zooms out just a bit more to 
discuss how aims are evident as a group in the planned curriculum. That is, how the 
individual characteristics of aims combine to characterize the aims permeation of the 
entire lesson. This discussion also addresses how more narrow mathematical goals can be 
a significant objective of a lesson in addition to, or even instead of, aims. These findings 
provide the second part of the theory of the role of aims in curricular systems. 
Chapter 7 takes the widest view of how aims manifest within a curricular system 
and looks across the curricular stages of the lessons analyzed in this study. It focuses on 
the extent to which and how the objectives of lessons (both aims and more narrow 
mathematical goals) change as the curriculum is transformed from instructional materials 
to the teacher plan to the enactment. In doing so it focuses on the extent to which the 
objectives of lessons are aims, as opposed to more narrow mathematical goals.  It also 
examines which aims are evident and how the types of aims that are evident changes 
across the stages. Finally, it examines how the objectives of the lessons were perceived 
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by the students to ascertain how the changes across the stages impacted the perspective of 
the students on the value of the mathematics taught for their lives beyond the classroom. 
This chapter adds a third part to my theory for the role of aims in curricular systems. 
Chapter 8 consolidates the three levels of theory described in Chapters 5, 6, and 7 
into a coherent whole and discusses it implications. A primary implication discussed is 
how the application of the theory to the examined lessons suggests some reasons why the 
broader US mathematics education system may not be achieving its aims. The chapter 
then discusses how future research might further clarify this picture and investigate 
possible solutions to the problem.
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 CHAPTER TWO: LITERATURE REVIEW 
The failure of the US mathematics education system to achieve many of its stated 
aims and the persistence of a 120-year-old mathematics curriculum despite dramatic 
changes in society raises the question: “What aims, if any, actually shape the curriculum 
experienced by students?” In this chapter I provide some context for this study of aims by 
tracing the development of the broad aims of the educational system from colonial times 
to the present that influenced today’s curriculum. I then describe the variety of aims for 
school mathematics that are enumerated in current research literature and policy 
documents in order to illustrate the range of aims that can motivate curriculum. This 
description also provides sensitizing concepts (Van den Hoonaard, 1997) for the 
forthcoming analysis (i.e., ideas for types of aims that may prove useful in categorizing 
the aims that are evident in the examined curricular systems). I close this literature review 
with a focus on the part of the system that most directly shapes the experience of students 
– the curricular decision making of teachers. In this final section I review what is known 
about the role of both mathematical goals and aims for school mathematics in teacher 
curricular decision making in order to illustrate the research gap that this study fills. 
2.1 A Historical Perspective on Aims 
Mathematics education, in one form or another, has existed in the United States 
since before the revolution. Accordingly, aims for this work have existed as well. As the 
country has changed economically, politically, and socially, the aims for school 
mathematics have adapted to serve new, or newly recognized, needs. However, the 
connection between the needs of society, the needs of individual students, and the 
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mathematics taught has not always been simple. Discerning and responding to the 
quantitative needs of students and society is a difficult undertaking and often reflects 
assumptions that may or may not be well supported. This difficulty highlights the 
importance of understanding the role of aims in the system, which can help reveal these 
hidden assumptions and provide direction for those seeking to make change. 
2.1.1 STEM Preparation, College Preparation, and Numeracy in Colonial School 
Mathematics  
In colonial times the primary aim of mathematics instruction was a version of 
what we would today call STEM Preparation—preparing students to engage in 
mathematically intensive professions. The colonial version of mathematically intensive 
professions was commerce. Quantitative instruction in the colonies, echoing practice in 
Europe, focused on teaching future merchants the mathematics they would need for 
surveying, navigation, and operating within the complex system of currency, weights, 
and measures that had been imported from England (P. Cohen, 2003; Harouni, 2015a). 
Instruction took place privately, separate from other learning. This was primarily a 
middle class undertaking. The college preparatory grammar schools that mainly served 
the upper classes and comprised the bulk of formal secondary education in the 17th and 
early 18th centuries did not teach mathematics because it was largely neglected in the 
college curriculum and not required for admission (National Council of Teachers of 
Mathematics, 1970). Mathematics was not needed by the lower classes because they 
primarily engaged in farming in rural areas and the bulk of their business transactions 
were done by barter (P. Cohen, 2003).  
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This business-oriented focus of colonial school mathematics began to change in 
the mid 1700s as colleges expanded their mathematical offerings and, consequently, 
began to require increasingly advanced mathematics for admission. By the mid 1700s, 
most colleges were offering calculus and requiring arithmetic for admission (D’Ambrosio 
et al., 2014; Stanic & Kilpatrick, 1992). By the end of the 1800s, admissions 
requirements had largely expanded to geometry and algebra (Kilpatrick & Izsak, 2008). 
Any secondary schools seeking to prepare students for college were forced to alter their 
curriculum to keep up with these requirements. This included the grammar schools that 
were exclusively focused on college admissions and the newly expanding academies that 
sought to serve both practical and college preparatory aims (Kilpatrick & Izsak, 2008; 
Stanic & Kilpatrick, 1992). 
The successful American revolution in the late 1700s led to the expansion of aims 
of school mathematics to include the development of the mathematical abilities of all 
citizens. This broadening of aims occurred after the war because the new government 
instituted a decimal-based currency that simplified the monetary system and made it more 
accessible to a wider range of people, (Jefferson, 1953). The rationale for the currency 
shift was that it would enable the average person to be able learn enough mathematics to 
participate in the money-based economy and understand and participate in policy 
discussions of taxation and government spending (P. Cohen, 2003). Schools were 
expected to provide the requisite training. Thus, in the colonial period diverging 
rationales for curricular decisions emerged. For most of the population there was a 
growing need for instruction in mathematics that would be practically applicable to their 
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roles as participants in the economy and citizens of a democracy – generally arithmetic 
and quantitative reasoning. For students intending to attend college, who comprised a 
small percentage of the population, the increased admissions requirements for more 
academic topics, advanced algebra and geometry drove an expansion of these kinds of 
offerings in some secondary schools.  
2.1.2 The Rise and Fall of Mental Discipline Aims  
Several converging forces in the late 1700s and early to mid 1800s led to the rise 
in prevalence of an additional aim—the teaching of mathematics for its purported value 
in developing a mental discipline that strengthens general intellectual power both within 
and beyond mathematics. Although this aim for teaching and learning mathematics had 
been around since the ancient Greeks (Attridge & Inglis, 2013), the practical nature of the 
colonists had limited the influence of this aim in early colonial schools (Kliebard & 
Franklin, 2003). However, with the colonial victory in the revolutionary war came the 
prospect of self-governance and the need for a citizenry prepared to participate in the 
budding democracy. This growing idea that the future of the country depended on the 
intellectual abilities of the citizenry coincided with a trend in psychology that shaped 
thinking for how this might be realized. This movement, known as Faculty Psychology, 
conceived the mind as comprised of discrete faculties such as memory, perception, 
reasoning, and will. It held that these faculties could be trained, like muscles, to make the 
mind generally stronger. Arithmetic was seen as particularly useful for training reasoning 
and will and thus valuable for strengthening thinking skills in general (P. Cohen, 2003; 
National Council of Teachers of Mathematics, 1970).  
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The growth of the mental discipline perspective in the century following the 
revolutionary war was exemplified by an influential 1893 report from The Committee of 
Ten, a group of educational leaders commissioned by the National Education Association 
to discuss standardizing the secondary school curriculum. This report focused largely on 
mental discipline justifications in proposing an academically-oriented four-year math 
curriculum for all students that looks very similar to the organization of content that is 
prevalent today; algebra in 9th grade, geometry in 10th grade, more algebra and geometry 
in 11th grade, and advanced algebra and trigonometry in 12th grade (Committee on 
Secondary School Studies, 1894; Kliebard & Franklin, 2003).  
By 1893, however, the influence of the mental discipline perspective had already 
reached its peak. Even though the curriculum recommended by this report has endured, 
its focus on academic mathematics for all students, and its mental discipline justification, 
was losing influence at the time. The growing sentiment among educators was that the 
goal of school mathematics for some, if not all, students should be more practical and 
more differentiated by individual needs. A significant factor in this dissent was a growing 
body of psychological research (most notably by William James and Edward Thorndike) 
questioning the broad cognitive benefit that could be gained from learning within 
particular disciplines (Kliebard, 2004; Stanic & Kilpatrick, 1992). Another factor in this 
dissent was the explosive growth in the number of students entering high school during 
the first half of the 20th century (Kliebard, 2004; Stanic & Kilpatrick, 1992). The new 
groups entering high school were seen as less intellectually capable and less likely to go 
to college. Thus they were thought to be less likely to cultivate the reasoning skills 
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purportedly developed by mathematics and less likely to need them (Stanic, 1986).  
The two most influential curriculum interest groups that took up this dissent 
formed around different perspectives on these practical aims for school mathematics. One 
perspective emphasized the benefits of mathematics that accrue to students while the 
other focused on the benefits of school mathematics for larger groups to which students 
belong. Those with a more student-oriented perspective, known to historians as 
developmentalists, saw the benefit of mathematics as stemming from what it could offer 
each student based on their individual needs and interests. (Kilpatrick, 2014; Kliebard, 
2004; Stanic, 1986). Although the community-oriented group, known to historians as 
social-efficiency educators, did not deny the benefits of mathematics education to 
individual students, their focus was on the ways that mathematical learning helped 
students play their role in society. This group, formed in response to the drastic social 
changes that were occurring as a result of the industrial revolution, promised to harness 
the power of scientific inquiry to restore social stability by finding the most efficient way 
to educate students to best play their role in society as citizens, parents, family members, 
consumers, and workers (Kliebard, 2004; Kliebard & Franklin, 2003). The social 
efficiency educators argued that it was inefficient, and thus to the detriment of society, 
for students to take more mathematics then they were likely to need (Stanic, 1986). 
Students destined to work in mathematics-intensive professions would study advanced 
topics while most other students would only learn the most basic mathematics.  
The result of the combined influence of these two groups on the prevailing 
secondary curriculum was toward more varied programs of study geared toward students’ 
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particular circumstances. Many of the resulting courses were designed to be practical and 
not intended to lead to college mathematics. This shift toward more practical aims was 
accompanied by a significant decline in mathematics course-taking in general. Between 
1910 and World War II, the numbers of students enrolled in any math class, and 
especially the numbers of students taking academic math classes (such as Algebra 1, as 
opposed to more practical classes such as “business math” or “general mathematics”) 
declined significantly and largely stayed low until the early 1980’s (Angus & Mirel, 
2003; Kliebard & Franklin, 2003; Stanic & Kilpatrick, 1992). Although this outcome 
seems more consistent with the community-oriented aims advocated by the social 
efficacy educators, there was also a stated reason for this approach from the student-
oriented perspective of the developmentalists. It was argued that since most students were 
not capable of advanced mathematics, requiring advanced mathematics for high school 
graduation needlessly prevented large numbers of students from graduating (Angus & 
Mirel, 2003). At a time when a high school degree opened significant economic 
opportunities, this was a persuasive consideration for those who believed that not all 
students have the potential to engage with advanced mathematics. 
Thus, between the late 1800’s and World War II, a justification for requiring all 
students to take a college preparatory curriculum was developed --- that it would sharpen 
their mind, in general, beyond the practical benefits of the material for most students.  
However, this justification found limited support in research. As a result, the idea of 
academic mathematics for all did not take hold.  Instead, other influences, both student- 
and society-oriented, successfully pushed for the reestablishment of a bifurcated system 
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of academic mathematics for the few who are college bound and more practical 
mathematics for the majority. 
2.1.3 The return of STEM preparation and the expansion of college readiness.  
The emphasis of the rhetoric around aims of school mathematics changed in the 
1950’s and 60’s from differentiating the curriculum in order to accommodate students 
perceived as less able to encouraging and enabling the most able students to pursue 
scientific and mathematical careers. This renewed emphasis on STEM preparation aims 
was caused by the technological needs of the military in World War II and the subsequent 
international competition exemplified by the launch of Sputnik in 1957 (Fey & Graeber, 
2003; Shotsberger, 1999). Interestingly, although the aims of this shift were practical – 
the use of mathematics to support technological innovation—the means were academic. 
Efforts were made to reform the mathematics curriculum, both the sequence of courses 
and the content of these courses, to resemble the conceptual structure and reasoning of 
the academic discipline of research mathematics more closely. These efforts had the goal 
of better preparing more able students for more advanced mathematics classes. The 
transfer of the academic learning to practical applications in math-intensive professions 
was assumed (Fey & Graeber, 2003). The impact of this movement, known as new math, 
was mixed. Mathematical course-taking increased somewhat in both practical and 
academic classes (Angus & Mirel, 2003) but the curricular innovations on the curriculum 
taught in most of these classes had only limited impact (Fey & Graeber, 2003). 
The stance that both societal and individual needs were best met by a bifurcated 
school mathematics curriculum that established academic aims for the few and practical 
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aims for the many came under significant scrutiny in the early 1980s. This scrutiny 
stemmed from concerns relating to both societal and individual aims. The societal-
oriented aspect of this scrutiny was exemplified by A Nation At Risk (Gardner et al., 
1983). This influential US Department of Education commissioned report argued that the 
large number of students underachieving in mathematics threatened the United States’ 
position as a world economic power and its ability to function effectively as a democratic 
society (Herrera & Owens, 2001; Kilpatrick, 1997). It based its argument on evidence of 
both growing competition from international competitors and declines in mathematical 
performance by United States students on a variety of indicators.  
The individual-oriented aspect of this scrutiny stemmed from a growing concern 
about the equity of the differentiated math education system that had developed over the 
preceding 70 years. For example, Everybody Counts (National Research Council, 1989), 
a report that helped lay the groundwork for the subsequent standards-based reform 
movement, cited the growing quantitative demands of both work and higher education in 
arguing for more mathematics education for all students. The National Council of 
Teachers of Mathematics (NCTM), took up this charge in not only recommending four 
years of mathematics for all students, but in enumerating an ambitious set of common 
mathematical goals that included a significant amount of academic content that had not 
been part of the required curriculum for non-college bound students for many years 
(NCTM, 2000). 
The impact of this movement has been significant. Between 1990 and 2009, the 
percentages of high school graduates who took academic math classes increased for all 
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classes including Geometry (from 64 to 88%), Pre-Calculus (from 13 to 35%) and 
Calculus (from 7 to 16%) (Kena et al., 2016). Participation in The College Board’s 
Advanced Placement program increased similarly with the number of students taking the 
BC Calculus test growing from about 21,000 in 1996 (College Board, 1997) to almost 
125,000 in 2016 (College Board, 2016). 
In advocating for the expansion of a college preparatory curriculum, these reforms 
were undoubtedly responding, in part, to the growing economic value of a college 
diploma. Multiple forces throughout the second half of the 20th century caused a shift in 
the basic educational requirement for successful participation in the labor market. 
Technological advances in all sectors of the economy led to the export or automation of 
many well-paid jobs for high school graduates and the creation of a wide variety of new 
jobs for students with post-secondary degrees (Carnevale & Desrochers, 2003a). At the 
same time, political, economic, and demographic forces led to increasing numbers of 
students going to, and graduating from, college, further reducing the value of a high 
school diploma (Carnevale & Desrochers, 2003a). By the end of the century, 
postsecondary education had become a pre-requisite for a good-paying job and thus 
admission into and preparation for college became an increasingly important aim for 
school mathematics. 
2.1.4 The Re-emergence of Practical Mathematics and the Push for Diversification in the 
High School Curriculum.  
There is, however, an irony that the primary rhetoric for increased mathematical 
expectations has focused on the need for quantitative skills in order for students to 
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succeed in college and the workforce (National Research Council, 1989; 
NGACBP/CCSSO, 2010), while the mathematics taught to satisfy this need has largely 
been academic, not practical (Garfunkel & Mumford, 2011; Hacker, 2016; Shaughnessy, 
2011; Steen, 2001). Most college majors and professions are not math-intensive and do 
not use much of the mathematics that comprise the second half of the standard high 
school curriculum (Carnevale & Desrochers, 2003a; National Center on Education and 
the Economy, 2013). Furthermore, as noted in the introduction, many people have not 
developed the ability to use, in their day-to-day lives, the basic mathematics that is taught 
in the first half of this curriculum.  
A growing concern is being voiced that as the role of quantitative information in 
day-to-day life grows, this lack of numeracy2 will become increasingly problematic. For 
example, it is argued that the complexity of personal finance makes the effective use of 
quantitative information crucial. Decisions between renting and purchasing a place to 
live, the complexity of the terms of mortgages, and the increasing responsibility that 
individuals carry for retirement savings all mean that one’s ability to understand and use 
numbers effectively have significant implications for one’s short term and long-term 
financial well-being (Lusardi & Mitchell, 2014). It is also argued that numeracy is 
important for maintaining personal health. Day-to-day decisions, such as interpreting 
nutritional information and understanding medicine dosage (Cavanaugh et al., 2009; 
Rothman et al., 2008) depend on a facility with numbers. The trend toward patient 
participation in important health care decisions combined with the large amounts of data 
 
2 Also commonly referred to as quantitative literacy. See, for example, Steen (2001). 
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available to support these decisions make numeracy important for larger-impact health-
care decisions as well (Låg et al., 2014; Reyna et al., 2009) . 
It is not just individual well-being that depends on each person’s numeracy. When 
individual decision-making is poor, the whole community suffers. This became clear in 
the mid-to-late 2000’s when large numbers of people, disproportionately innumerate, 
defaulted on their mortgages, contributing to a national recession (Gerardi et al., 2013). 
Additionally, if we, the current generation of adults, are unable to rise to the challenge of 
adequate retirement planning, our children will pay the price and have to support us. In 
addition to the economic importance of numeracy, it is argued that our political system 
depends on the numeracy of citizens. Historian Robert Orrill writes “if individuals lack 
the ability to think numerically they cannot participate fully in civic life, thereby bringing 
into question the very basis of government of, by, and for the people” (Steen, 2001, p. 
xvi). Quantitative information has become the standard of truth for policy debates at all 
levels of government. As a result, those running for office and those in office frame their 
public appeals in terms of data. Good policy decisions depend on a public able to 
understand and evaluate these claims (Apple, 1992; Buckley, 2010; Gutstein, 2003). This 
is especially crucial for groups who are underrepresented in political decision making and 
economic power. Numeracy is crucial for members of these groups to both understand 
the societal dynamics that have created their disempowerment and acquire the tools to 
make change (Apple, 1992; Gutstein, 2006). 
This pressure for more practical applicability of the mathematics curriculum has 
had some impact. Statistics and probability now have an increasing, if still small, place in 
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the predominant curriculum. The Common Core State Standards for Mathematics have 
data standards starting in Kindergarten and probability and statistics standards beginning 
in 6th grade (NGACBP/CCSSO, 2010). The ratio of the number students taking the 
Advanced Placement (“AP”) calculus test (AB and BC) to those taking the AP statistics 
test to has steady fallen from about 2.7 in 2008 to just under 2 in 2019 (The College 
Board, 2019). Furthermore, pressure is growing to expand the secondary curriculum to 
include data science topics (Boaler & Levitt, 2019; Koh, 2020). Additionally, the 
National Council of Teachers of Mathematics has recognized and endorsed the 
importance of a diverse set of mathematics offerings in the last year and a half of high 
school (NCTM, 2018). However, the vast majority of students still take the traditional 
sequence of high school mathematics courses (Dossey et al., 2016). 
2.1.5 Current Perspectives on Mental Discipline Aims  
Although it is no longer stated as a primary justification for school mathematics, 
associations of mathematics teachers and influential standards documents continue to 
assert an impact of mathematical study on broader thinking skills (MAA Committee on 
the Undergraduate Program in Mathematics, 2015; NCTM, 2000; NGACBP/CCSSO, 
2010). Researchers have taken up questions about the legitimacy of this goal by 
attempting to differentiate between various kinds of broader thinking that might be 
influenced by mathematics. 
The most common type of reasoning associated with school mathematics is 
deductive reasoning, that is formal logic-based reasoning. Although this kind of 
reasoning has, historically, been a common goal of school mathematics, its influence, like 
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that of the broader category of mental discipline aims, has been limited in recent years 
(González & Herbst, 2006). Some work has questioned the effectiveness of school 
mathematics, or even direct training in formal logic, on students’ ability to apply formal 
deductive logic to non-mathematical tasks (Attridge & Inglis, 2013; Cheng et al., 1986). 
Other work, including research reporting on the opinions of teachers, has raised questions 
about the extent to which formal logic, once applied, is helpful for practical decision-
making (Ayalon & Even, 2010; Cokely et al., 2018).  
While mathematics educators may be skeptical about the impact of formal logic-
based reasoning on students’ non-mathematical thinking, many see value in the potential 
for mathematics to help students develop other kinds of thinking. Teachers see school 
mathematics as developing students’ abilities to apply habits of argumentation, 
justification, and systematic thinking learned in their mathematics classes to non-
mathematical contexts (Ayalon & Even, 2010). Furthermore, the theoretical potential for 
skills of mathematical problem solving to impact problem solving outside of the 
discipline have been worked out to the extent that particular habits of mind and 
mathematical practices with this potential have been identified (e.g., pattern sniffing, 
tinkering, visualizing, making use of structure, and attending to precision) (Cuoco et al., 
1996; NGACBP/CCSSO, 2010). While extensive work showing the differences between 
school mathematics and mathematics outside of the classroom (e.g., Lave, 1988; Millroy, 
1992; Nunes et al., 1993; Williams & Wake, 2007) has raised significant doubt about the 
transferability of conceptual and procedural learning in school mathematics, less is 
known about the transferability of habits of mind and practices. What little work has been 
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done, however, echoes the concerns of the larger body of work (Jurdak, 2006).  
The most empirically supported argument for the impact of mathematical 
instruction on thinking outside of mathematics has been work demonstrating that 
knowledge of arithmetic, probability, and statistics are effective predictors of the kind of 
inductive thinking that leads to generalized skill in decision-making. Researchers have 
identified strong correlations between basic tests of numeracy and accurate assessments 
of risk in a wide range of contexts (Cokely et al., 2018).  
2.1.6 Summary 
Equity concerns and the opportunity structure of education have driven the 
expansion of an academic curriculum whose original argument for universality was based 
on a theory of mental discipline that has yet to be substantiated. Efforts to broaden 
curricular offerings without returning to a bifurcated system that penalizes students who 
do not choose the traditional academic mathematics pathway have had some influence 
but have yet to create a viable widely adopted alternative. Understanding the role that 
aims play in contemporary curricular systems can highlight mismatches between the 
curriculum and the needs of students and support efforts to make mathematics curriculum 
more responsive by productively complexifying the field’s understanding of the decision 
making that these efforts are trying to impact.   
2.2 Categorizing Aims 
An important part of understanding the role of aims in curricular systems is to be 
able to distinguish different kinds of aims from one another since it is likely that different 
types of aims will play different roles in the systems. While no existing research has 
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created a categorization for aims from an analysis of curricular systems, there is rich 
body of literature on aims for school mathematics in general on which this study can 
build.   
One broad distinction that has been made between aims is by the kind of value 
that they suggest learning mathematics can provide for the student. Aims oriented toward 
acquiring credentials for professional or educational advancement, such as a high school 
diploma or a high score on a college entrance exam (exchange-value aims) can be 
distinguished from aims oriented toward the application of mathematical proficiencies 
directly to particular activities such as day-to-day decision making or understanding the 
natural world (use-value aims) (Williams, 2012). For example, completing calculus in 
order to improve a college transcript is an exchange-value aim. Completing calculus in 
order to develop the intellectual foundation needed solve physics problems is a use-value 
aim.  
Exchange-value and use-value aims can be served by similar mathematical goals. 
Standards documents that establish the exchange value of particular mathematical goals 
(by influencing high stakes tests and graduation requirements) generally justify their 
mathematical goals using use-value aims (e.g., helping students become college and 
career ready) (NCTM, 2000; NGACBP/CCSSO, 2010). However, certification systems 
can acquire a momentum of their own that make them hard to change as the 
circumstances around them change. Thus, even when the use value of a particular 
mathematical goal changes or even ceases to exist, its exchange value may remain 
(Noyes et al., 2013; Steen, 2001). For example, as advances in technology expand the 
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number of mathematical procedures that can be automated, the use value of being able to 
perform procedures by hand in all possible circumstances (such as being able to factor 
any quadratic expression) may be reduced even as the skill remains in standards 
documents and on high-stakes tests. 
Aims are not only of benefit to individual students, they can also, potentially, 
perform a function for society. Exchange value aims (also called assessment aims) 
provide society with a means to determine who gets access to educational and 
professional opportunities (Kollosche, 2018). Ideally, this benefits society in that it 
enables social institutions a way to effectively choose the individuals most qualified for 
advancing the institutional mission. However, an ancillary impact of this function is to 
maintain social and economic inequality because students from dominant groups tend to 
have an advantage in competition for success in mathematics (Hauke Straehler-Pohl et 
al., 2014; Hoadley, 2007; Martin, 2000; Stinson, 2013). Consequently, and concerningly, 
when the mathematics with high exchange value ceases to have use value, and high-
stakes assessments to not evolve accordingly, then maintaining social and economic 
inequality can become the predominant function of assessment aims.  
Use value aims can also provide benefits to both individual students and society. 
One these kinds of aims is the development of students’ knowledge and skills to be 
applied to work and personal purposes (qualification aims) (Kollosche, 2018). 
Qualification aims benefit students by preparing them to be individually successful in 
societal institutions. Society benefits from the accomplishment of these aims by having 
individuals who can effectively work in and run institutions that make society function 
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well and be internationally economically competitive (Dewey, 1916; National 
Mathematics Advisory Panel, 2008, 2008; President’s Council of Advisors on Science 
and Technology, 2010).   
Qualification aims can be further categorized according to whether they position 
mathematical proficiencies as directly applicable to solving everyday problems (practical 
aims) or as tools for broader intellectual development (mental discipline aims). Practical 
aims can be applied to a variety of domains such as the workplace (Geiger et al., 2015; 
González & Herbst, 2006; NCTM, 2000; Saxe & Braddy, 2015), citizenship (Geiger et 
al., 2015; Gutstein, 2006; NCTM, 2000; Saxe & Braddy, 2015), and personal decision-
making (e.g. financial or health-care) (Geiger et al., 2015; NCTM, 2000; Steen, 2001). A 
subset of the workplace application of mathematics that is often discussed separately 
from other practical aims is the preparation of students for math-intensive professions 
(STEM aims) (NCTM, 2000; Usiskin, 1980). This is a special case as it generally requires 
significantly more advanced mathematics than other practical aims. Practical aims are 
generally considered advantageous to society by supporting institutions. However, some 
applications of citizenship aims may work against dominant political and economic 
institutions and may not been seen as supportive by many. This is when mathematics is 
used to critique the powerful with the goal of creating a more equitable society (social 
justice aims) (Gutierrez, 2009; Gutstein, 2006). 
Mental discipline aims are oriented toward developing students’ ability to reason 
outside of the discipline of mathematics. The mental discipline aim most often associated 
with school mathematics is formal logic-based reasoning (Attridge & Inglis, 2013). Also 
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cited is the kind of inductive thinking that that leads to generalized skill in decision-
making (Cokely et al., 2018) as well as argumentation/justification and systematic 
thinking (Ayalon & Even, 2010) and problem solving (Lang, 1996 as cited in Jurdak, 
2006).  
In addition to assessment aims and qualification aims, a third type of aim that can 
benefit both students and society is the learning of social practices that society requires 
for participation (integration aims) (Kollosche, 2018). Similar to qualification aims, 
integration aims help both students and society by enabling students to more effectively 
work in or run institutions. Examples of integration aims are the regimentation of 
instruction to prepare students for the behavior desired in factory work or the 
development of collaboration and communication skills in classroom group work to 
support teamwork in the corporate world. 
Some aims benefit society but are of little direct benefit to students. One such aim 
is the cultivation of particular values with respect to political structures (legitimization 
aims) (Kollosche, 2018). In mathematics this concerns the promotion of mathematics as 
an arbiter of truth and an effective guide to decision making. This is important in a 
society whose political and economic structures are based on reason and calculation, but 
can also crowd out other ways of knowing that may shape the perspective of 
marginalized groups (D’Ambrosio, 2007). Another aim that mainly benefits society is the 
role that mathematics plays in keeping students busy so that parents can accomplish other 
things, such as work (supervision aims) (Kollosche, 2018). A final aim that is primarily 
of value to society is the role that mathematics plays as a projection of society’s hopes 
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and dreams (projection aims) (Kollosche, 2018, p. 294). That is, mathematics provides 
society with an outlet for its need to improve. This is based on the idea that a future 
population with superior mathematical ability will build a better world.  
A final group of aims primarily benefits students without significant gains for the 
larger society (student-centered aims). One of these types of aims is for students to use 
mathematics as a lens for understanding the natural and social world (González & Herbst, 
2006). In contrast to practical aims, these intellectual interpretive aims do not seek for 
students to use mathematics to help accomplish day-to-day tasks but, instead, like some 
aims for science education (American Chemical Society, 2014; American Physical 
Society, 2018), seek to spark and satisfy students’ curiosity about their surroundings. For 
example, teaching quadratic functions in order to stimulate curiosity about the movement 
of objects under the influence of gravity is serving an intellectual interpretive aim. 
Teaching quadratic functions because they will enable students to create realistic video 
games is a practical aim.  
A second and final type of student-centered aim positions mathematics as an end 
in itself (pure mathematical aims). These aims include learning mathematics in order to 
engage in it for recreation (i.e. mathematical games, personal exploration of mathematical 
questions) (NCTM, 2000; Williams, 2012), the joy that the aesthetics of mathematics can 
inspire (Gutiérrez, 2017; Sinclair, 2001), an appreciation of the cultural accomplishments 
of mathematics (NCTM, 2000) or an understanding of what the discipline of mathematics 
is about (González & Herbst, 2006; Saxe & Braddy, 2015; Usiskin, 1980). These aims 
can sound like within-the-classroom goals, as opposed to beyond-the-classroom benefits 
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of learning mathematics. However, they do not focus on particular mathematical skills or 
knowledge but on knowledge about mathematics as a discipline beyond the classroom or 
student activities that occur outside of school that can develop as a consequence of 
developing mathematical proficiencies. 
All of these aims for school mathematics can be put together to form a potential 
scheme for categorizing the aims found in curricular systems (see Figure 1). The 
categories in this scheme have not yet been used to analyze curricular systems, so it is not 
known which of these categories, if any, will be helpful in identifying the role that aims 
play in this process. This is one important function of this study. 
 
Figure 1. Categories of aims for school mathematics found math education literature and 






























2.3 What is Known about the Role of Aims and Goals in Curricular Systems 
Since teachers are the curriculum decision maker who most directly shapes the 
mathematics encountered by students in the classroom, their work is especially important 
for determining whether aims for school mathematics are accomplished. Efforts to reform 
mathematics education without accounting for the powerful role that teachers play have 
suffered for this oversight (D. Cohen & Barns, 1993). It follows that the work of teachers 
should be central to any investigation of curricular systems. However, much more is 
known about mathematical goals and how they shape teacher curricular decision making 
than is known about aims and their influence.  
2.3.1 Mathematical Goals.  
Teachers’ mathematical goals are shaped by their conceptions of mathematics 
(Collopy, 2003; Lloyd & Wilson, 1998; Remillard, 1999; Remillard & Bryans, 2004; 
Sleep & Eskelson, 2012). For example, teachers who view mathematics as a connected 
body of knowledge or as a way of thinking tend to prioritize conceptual understanding 
(e.g., Collopy, 2003; Lloyd & Wilson, 1998). These teachers might ask students to 
develop their own solution methods to problems and explore multiple mathematical 
representations. In contrast, teachers who view mathematics as an unconnected set of 
distinct skills or a fixed body of knowledge tend to prioritize mastering procedures (e.g., 
Remillard & Bryans, 2004; Sleep & Eskelson, 2012). These teachers generally teach 
single prescribed solution methods to problems they assign, in some cases with a 
particular emphasis on speed and accuracy. 
These differences in goals are important. There is evidence that teachers with 
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conceptual goals use curriculum materials, particularly reform-oriented materials, 
differently than those with more procedural goals (Boesen et al., 2014; Lloyd & Wilson, 
1998; Putnam et al., 1992; Remillard, 1999; Sleep & Eskelson, 2012; Wilson & 
Goldenberg, 1998). For example, in one study, an elementary school teacher with more 
procedural goals surprisingly used more tasks from a reform-oriented text book then her 
colleague with more conceptual goals (Remillard, 1999). However, she adapted the tasks 
to reflect her more procedural goals by focusing on the particular steps for a single 
solution to each task rather than taking her colleague’s approach of using tasks in a more 
open-ended way that allowed for the exploration of mathematical ideas. This finding of 
the influence of goals on curriculum use was echoed in a study focusing on two 6th grade 
teachers’ enactments of a particular task (Sleep & Eskelson, 2012) as well as in a study of 
one high school teacher teaching a single topic (Lloyd & Wilson, 1998). In the 6th grade 
study, a teacher with procedural goals took a conceptually oriented task and enacted it in 
a way that emphasized its procedural aspects while the teacher with more conceptual 
goals enacted the task in a way that better capitalized on its open-ended design. The latter 
teacher elicited multiple solution methods and used them to help students make 
connections across representations. In the high school study, a teacher with conceptually 
oriented goals for his students’ understanding of functions fully capitalized on the 
affordances of a reform-oriented curriculum and helped his students develop a nuanced 
understanding of a variety of function families. 
Another way that teachers’ goals are important is that they influence the way that 
teachers learn from curriculum as they plan with it. For example, in a study of two upper 
 
 32 
elementary school teachers using potentially educative reform-oriented materials, a 
teacher with no established perspective on mathematics demonstrated significantly more 
learning from the materials than a teacher with a firm perspective of mathematics as the 
performance of procedures with speed and accuracy (Collopy, 2003). By the end of the 
school year, the former teacher had changed her expectations of students to include 
significantly more conceptual understanding and expressed reasoning, while throughout 
the year the latter teacher consistently adapted tasks so that students would primarily 
learn specific steps to perform proscribed procedures. In another study of elementary 
school teachers, a teacher with more conceptual mathematical goals worked with a 
reform-oriented curriculum in ways that provided significant opportunities for her own 
learning (Remillard & Bryans, 2004). Accordingly, she reported herself as powerfully 
impacted by the text. A second teacher with more procedural goals did not use the 
curriculum in a way that provided opportunities for learning and demonstrated little 
change. A third teacher fell in the middle. She reported conceptually oriented 
mathematical goals but was also very resistant to using textbooks in general. Although 
she did not report the significant change that the first teacher reported, she did expand her 
repertoire of activities by using the text as an occasional resource.  
Mathematical goals are also important for efforts to measure the fidelity of 
teachers’ use of curriculum materials. These efforts have evolved from using strict 
measures of implementation to questions of whether implementations are within what 
Ben-Peretz (1990) refers to as the curriculum envelope of the instructional materials (i.e., 
the variations of implementations that fit within what the curriculum developer intended). 
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Curricular research generally has defined the curriculum envelope as the extent to which 
teachers implement any high-level mathematical practices that the materials recommend 
(e.g., Huntley, 2009; Tarr et al., 2008) 
2.3.2  The Influence of Aims 
The aims of teachers most often studied are assessment aims. Large scale 
qualitative meta-analysis (Au, 2007) has revealed that, in general, teachers align their 
curricular choices with standards and high-takes tests. In mathematics this means that if 
standards and tests reflect a broader set of topics and an emphasis on writing, 
justification, open-ended questions, and problem solving, teachers will adjust their 
curriculum accordingly (Clarke et al., 2003; Stecher et al., 2000; Taylor et al., 2003). If 
accountability measures reflect a narrower curriculum and more basic skills, teachers will 
adjust in this direction as well (Jones & Egley, 2004; Yeh, 2005). These latter influences 
can prevent teachers from acting on other aims. For example, mandated pacing through 
basic skills-oriented curricula can discourage teachers from taking the time to connect 
mathematics to day-to-day decision making (Gainsburg, 2008) or social justice (Lipman 
& Gutstein, 2001). 
The impact of accountability pressures is complex and extends beyond the nature 
of the standards and tests. For example, teachers in low performing schools (generally in 
urban or rural areas) face more accountability pressures than those in higher performing 
(generally suburban) schools because they are more likely to face the sanctions that 
accompany failure to reach benchmarks (Clarke et al., 2003; Debray et al., 2003; Nichols 
et al., 2005). Thus, the curricular decisions of teachers from lower performing schools are 
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more likely to be influenced by accountability pressures. The extent to which teachers are 
influenced by official pressures is also mediated by their years of experience (Barrett, 
2009) as they make decisions about whether to fully adopt an aligned curriculum, 
compromise with it (Lloyd, 2007), or creatively undermine it (Gutiérrez, 2018). 
Furthermore, there is evidence that accountability pressures that impact students directly 
have more influence on teacher decision making than accountability pressures that impact 
teachers and schools as a whole (Pedulla et al., 2003).  
A second area where aims have been shown to influence teacher decision making 
is in efforts to prepare students for future careers. Differing teacher perspectives on their 
students’ futures, as influenced by students’ socioeconomic status, can influence the 
curriculum that teachers plan and enact. For example, in a multiple case study of two 
elementary school teachers with similar perspectives on mathematics, a teacher whose 
students came from lower socioeconomic backgrounds chose to emphasize facts and 
procedures based on her view that her students’ future careers would require them to be 
rule followers and comfortable with structure (Sztajn, 2003). The other teacher, who 
taught more affluent students, shaped her curriculum based on her view that her students’ 
future careers would involve solving complex problems. Her curriculum was much more 
oriented to problem solving and other mathematical practices. In a second example with a 
contrasting impact of student socioeconomic status on teacher aims, a project specifically 
targets middle school students from marginalized groups for complex mathematical 
learning (Moses & Cobb, 2001). This project seeks to support teachers in their efforts to 
ensure that these students engage in the kind of ambitious curricular work in middle 
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school that will prepare them for college preparatory mathematics in high school. It 
argues that better preparing students to succeed in college mathematics will ultimately 
expand their economic opportunities and ability to participate in society as active 
citizens. Although in both cases teachers are focused on mathematical goals as opposed 
to aims on a day-to-day basis, aims have a significant influence on the goals that they 
choose. 
A third area where aims have been documented as influencing teacher curricular 
decision making is efforts to empower students to understand and change political and 
economic power structures. An example of this aim influencing teacher decision making 
is reported by a teacher who describes a curriculum that he created and implemented in a 
middle school classroom (Gutstein, 2006). His curriculum both engages students in 
mathematical work that is consistent with standards-based reform efforts and has them 
actively investigate the quantitative aspects of the world around them in order to 
understand it and make social justice-oriented change. This teacher describes his aim as 
teaching his students to “read and write the world with mathematics.” (p. 3) In doing this 
he shows how a teacher can make daily curricular decisions with an aim in mind. 
A fourth area where the influence of aims on teacher decision making has been 
explored has been investigations of teacher efforts to prepare students to use mathematics 
in their day-to-day lives. Case-study work has shown teachers making curricular 
decisions that support the day-to-day use of mathematics by using authentic contexts such 
as estimation in shopping, averaging in surveys, and measurement in medicine (Putnam 
et al., 1992). Other qualitative work, however, has shown the extent to which teachers 
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view the contextual aspects of tasks as distractions and focus exclusively on the 
mathematical aspects of the problems (Chapman, 2006). Larger scale studies suggest that 
the latter approach is more common than the former. An international video study of 8th 
grade mathematics classrooms found that only 22% of problems set up in United States 
classrooms used any kind of real-life connection at all (Hiebert et al., 2003). In a large-
scale observational study of teachers in Los Angeles, the authentic nature of math 
problems presented by secondary teachers was overwhelmingly low, with less than 10% 
of observations rating above 2 out of 5 in terms of the extent to which the context had 
real-world meaning to the students (Daley & Valdés, 2006). In a survey of teachers about 
their reasons to make real-world connections in class, only about half cited reasons 
relating to using math in day-to-day life (Gainsburg, 2008). In contrast, about three 
quarters of the respondents cited mathematical goals such as generating interest in a 
problem or making the mathematics easier to understand. 
In summary, some aims, such as the desire to avoid accountability-related 
sanctions, have been examined in numerous studies. Other aims, such as career 
preparation, social justice, and day-to-day decision making, have been minimally studied; 
and a third group of aims, such as using math to build curiosity about the quantitative 
aspects of the natural world, or inspiring students to engage in recreational math, have not 
been studied at all. Furthermore, this body of work has focused on particular aims in 
isolation. No one has examined curricular systems for multiple aims at once to investigate 
how they come together in a lesson or how this mix might be influenced by other 
characteristics of a lesson such as the topic taught. Furthermore, this body of work has 
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not examined what happens to aims as teachers turn a textbook lesson into a plan and 
then into an enactment. Do the aims stay the same or do they change as the lesson 
develops? While existing research suggests that there is a role for aims in curricular 
systems, the overall influence of aims is not known. Some pieces of this puzzle have been 
explored, but others are missing, and much is still to be learned about how they fit 
together. This work is crucial if we are to figure out why the system, as a whole, is 
struggling to meet so many of the aims that it seeks to accomplish.
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 CHAPTER THREE: THEORETICAL FRAMEWORK 
In order to clearly describe my investigation of the role of aims for school 
mathematics in the selected curricular systems, I must first define some important terms 
and explain the theoretical frameworks that I use.  
One foundational concept in this study is curriculum. Curriculum can mean many 
different things, such as a particular textbook, national standards, or the mathematics that 
is explored in a single classroom on a particular day. Because of this lack of clarity, 
Section 3.1 will carefully define this term as it is used in this study and elaborate on its 
framing which includes many of the more specific conceptions that are generally held. I 
choose an expansive definition in order to capture the broadest possible understanding of 
the role of aims in the shaping the mathematics experienced by students in the classroom. 
This broad definition supports the inclusive conception of curricular systems that was 
briefly described in Chapter 1 as the subject of this study. In Section 3.2 I explore this 
concept in greater depth in order to set parameters for the research.     
Another central concept in this study is aims for school mathematics. The word 
“aims” can be used to describe objectives of a wide range of specificity. In order to avoid 
confusion in this study, it is important for me to be clear about how I am using this term. 
Aims for school mathematics were briefly defined in Chapter 1 and many examples were 
described in Chapter 2. In Section 3.3 I formalize this definition. I further illustrate the 
concept by defining and contrasting it with the other kind of educational objective that 
motivates most mathematics curriculum, intended mathematical proficiencies. These are 
the mathematical goals that I described in Chapters 1 and 2 as the primary focus of 
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current mathematics curriculum policy and research. Because this term can be interpreted 
in a multitude of ways, I explicate this term in detail as well.  
Existing theory about curricular systems, as described in Section 3.2, 
characterizes the different stages through which curriculum passes as it is transformed 
from the intention of curriculum developers and teachers into an enactment in the 
classroom. It does not, however, theorize how a variety of educational objectives, such as 
aims for school mathematics and intended mathematical proficiencies, motivate this 
process. This theorization is the purpose of this study. I build this theory using Activity 
Theory which provides a framework for how goals and objectives, in general, motivate 
human activity. In Section 3.4 I describe Activity Theory and how I use it as the 
underlying theoretical framework for my examination of role of aims for school 
mathematics in the selected curricular systems.  
3.1 Conceptualizing Curriculum 
In this study, curriculum refers to the “what” of teaching, as distinguished from 
instruction which can be described as the “how”3 (Stein et al., 2007). This definition of 
curriculum is broad and includes all aspects of mathematical content that is mandated for, 
designed for, planned for, emerges in, and is learned in the classroom. It includes the 
mathematics found in written materials such as standards and textbooks, the 
mathematical aspects of plans for instruction made by teachers, and the content that is 
actually experienced by students in the classroom (Remillard & Heck, 2014).  
 
3 By “how” I am referring to the mode of instruction, such as having students work independently 
or in groups. Mathematical practices, which refer to common forms of mathematical activity such 
as problem solving or reasoning are included in the what and described later in this section. 
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This definition of curriculum includes more than just the mathematical topics 
taught. It also includes mathematical practices such as making sense of problems and 
persevering in solving them or reasoning abstractly and quantitatively 
(NGACBP/CCSSO, 2010). Curriculum also includes how tasks are framed; that is, how 
the value of the material is described. For example, a topic or task may be described as 
important for future mathematical studies (e.g., factoring numbers helps students perform 
operations with fractions, completing the square helps students convert quadratic 
functions into vertex form) or for its beyond-the-classroom applicability (e.g., unit rates 
are helpful in making day-to-day decisions such as purchasing; quadratic equations help 
students understand aspects of the natural world such as how projectiles move under the 
influence of gravity).  
3.2 Curriculum Policy, Design, and Enactment Systems 
In this study, I investigate the role of aims in selected parts of four different 
curriculum policy, design, and enactment systems (Remillard & Heck, 2014). Curricular 
systems represent the process that curriculum goes through as it is transformed from the 
general intentions of a wide range of decision makers (e.g., policy makers, teachers, 
curriculum developers), into the specific plans of teachers, and then into the content 
experienced by students in the classroom. These systems are widely described as 
including three different stages: 1) the curriculum as it is formulated before students and 
teachers interact in the classroom (intended curriculum), 2) the curriculum that emerges 
as students and teachers interact (enacted curriculum), and 3) the changes in student 
knowledge, skills, and attitudes that result from classroom interaction (student outcomes) 
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(e.g., Lloyd et al., 2017; Remillard & Heck, 2014; Stein et al., 2007; Tarr et al., 2008) 
(see Figure 2).  
 
Figure 2. Stages and transformations of school mathematics curriculum. Adapted from 
Remillard and Heck (2014). 
The intended curriculum represents designs of content for the purpose of learning 
and can be recognized in at least three instantiations: the system-level expectations for 
student learning which set out what content should be studied by students and when (the 
official curriculum), texts and other written materials designed to support instruction and 
distributed broadly (instructional materials), and the planned activities that individual 
teachers design as they prepare for class (the teacher-planned curriculum) (Remillard & 
Heck, 2014). These forms are distinguished from each other by the fact that they are each 
typically authored by different decision makers in the system. The official curriculum is 
generally formulated or adopted at the school, district, or state level by policy makers and 
usually takes the form of standards documents, high-stakes tests, mandated pacing, or 
declarations of adoption of officially sanctioned textbooks. Instructional materials are 
authored by curriculum developers (who can also be teachers). These generally take the 
form of textbooks (Banilower et al., 2013) but can also include instructional software and 
other digital resources (Remillard & Heck, 2014). Instructional materials may be 
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officially adopted materials or materials chosen independently by the teacher. Thus, there 
may be some overlap between the official curriculum and instructional materials if 
teachers make use of officially adopted materials. The teacher-planned curriculum 
includes instructional materials that teachers intend to use as well as paper and electronic 
materials and other activities created by teachers for their own use. It is commonly 
represented by written plans but only takes its full form in the teacher’s imagination 
(Remillard & Heck, 2014).  
These three instantiations of the intended curriculum influence each other but are 
not always in accordance. The plans that teachers make are heavily influenced by the 
official curriculum (Au, 2007; Horn, 2016; Weiss et al., 2003) but not completely 
determined by it (Barrett, 2009; Gutiérrez, 2018; Lloyd, 2007). Teachers also rely heavily 
on instructional materials (Banilower et al., 2013), but vary widely in the extent to which 
they modify these materials in response to the particular circumstances of their 
classrooms (Brown, 2009; Remillard, 2005; Sherin & Drake, 2009).  
This process of using curriculum materials can be described as participating with 
the materials because both the teacher and the text are changed in the process (Remillard, 
2005). The materials, including both the content and how it is to be presented, are 
changed from their broadly available form (a resource or artifact), into a form that is 
useful to the teacher for a particular group of classroom situations (a document or 
instrument). The teacher is changed to the extent that the materials impact how they plan 
their lesson (Gueudet & Trouche, 2009).  
The variation in how teachers participate with text can be described along a 
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continuum in which some teachers offload their design decisions to curricular materials, 
some adapt the materials, and other improvise (Brown, 2009). Differences in teachers’ 
decisions along this continuum can be traced to different ways of attending to (e.g., 
reading), interpreting (e.g., evaluating). and responding to (e.g., adapting) the materials 
(Dietiker et al., 2018; Sherin & Drake, 2009). The extent to which teachers make these 
decisions with respect to the overarching goals of a grade level, a course, or even a 
sequence of courses as opposed to anticipated reactions by students to individual tasks, 
can be described as their curriculum vision (Drake & Sherin, 2009). Curriculum vision is 
related to educational ends in that as teachers develop their curriculum vision, they are 
more likely to focus on broad mathematical goals and aims rather than narrow 
mathematical goals and simply getting through the activities of the day.  
Once the teacher-intended curriculum begins to unfold in the classroom, it is 
transformed as the events of the classroom impact the mathematics that emerges in the 
enacted curriculum (Snyder et al., 1992). As students ask questions, demonstrate 
interests, and share ideas, or non-curricular factors intrude such as time constraints, fire 
drills, or technology failures, the course of the lesson changes and teachers make in-the-
moment decisions about how to respond to these events (Remillard, 2018).  
The teacher-intended curriculum is not the only stage of curriculum that directly 
influences the enacted curriculum. Instructional materials can also directly impact the 
enacted curriculum in ways over which teachers have varying control. In some cases, 
teachers plan for the role of the textbook, such as when they assign particular readings or 
tasks from the book. In other cases, the impact of the textbook is independent of teachers’ 
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actions such as when a student finds additional practice problems or helpful exposition in 
the book that are adjacent to assigned problems or readings. In a third type of impact, 
student use of the materials can undermine teacher plans, such as when an inquiry-based 
activity is thwarted by student use of textbook resources to find a standard algorithm for 
the problem under investigation (Rezat, 2012). 
Although the enacted curriculum impacts what students ultimately gain from 
instruction, it does not completely determine it. Different students experiencing the same 
enacted lesson can change in very different ways (i.e., advances in what they can do 
mathematically and, potentially, how well-prepared they are for future endeavors). Thus, 
the enacted curriculum is not the same as the student outcomes that result from it.  
Most evaluations of curriculum measure student learning using tests of 
mathematical achievement (e.g., National Research Council, 2004; Slavin, Lake, & 
Groff, 2009). However, student learning can be defined more broadly to include other 
aspects of mathematical proficiency such as productive disposition (Kilpatrick et al., 
2001). Consequently, some studies of curriculum have expanded their definition of the 
learned curriculum to include whether students enjoy mathematics (Boaler & Staples, 
2008; Dietiker, 2015; Ruthven, 2011), the extent to which students perceive mathematics 
as useful (Pane et al., 2010), or students’ identities as learners and doers of mathematics 
(Boaler & Greeno, 2000; Martin, 2000).   
The relationship in curricular systems between the mathematics that is taught, the 
teacher, the student, and artifacts, such as instructional materials, has been conceptualized 
as a tetrahedron (see Figure 3) (Rezat & Sträßer, 2012). This conceptualization extends 
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the traditional didactical triangle of teacher, student, and mathematics, to recognize the 
mediating relationship artifacts play in the three connections formed by the traditional 
triangle. The aspects of teaching involved in maintaining focus on the mathematical goals 
of a lesson have been explored and described as a process of steering instruction toward 
the mathematical point (Sleep, 2012). However, these theoretical frameworks, as well as 
the broader curricular systems framework, do not explicitly recognize curricular 
objectives that are broader than the mathematics that is taught. In the next section I will 
explore these broader objectives. 
 




3.3 Distinguishing Intended Mathematical Proficiencies from Aims for School 
Mathematics 
Well-designed curriculum is created with the intention of making changes in 
students. These intended changes can be described as educational objectives (Tyler, 
1949). In United States schools and school systems, these objectives can be strictly 
within the discipline of mathematics (e.g., mathematical skills, concepts, habits, or 
dispositions), or they can describe the benefits that this disciplinary learning brings to 
participation in domains beyond the classroom such as work, public policy, or personal 
finance (Goodlad, 1984).  
I refer to educational objectives that are within the discipline of mathematics as 
intended mathematical proficiencies. To capture a broad range of potential intended 
mathematical proficiencies, I use an inclusive definition of mathematical proficiency that 
consists of five strands – the understanding of mathematical concepts, fluency at 
executing mathematical procedures, strategic competence in solving mathematical 
problems, the ability to reason adaptively about mathematics, and the development of a 
productive disposition toward mathematics (Kilpatrick et al., 2001). This definition is in 
contrast to more traditional definitions of mathematical proficiency that focus exclusively 
on procedural fluency and memorized facts (D. Cohen & Barns, 1993; Mathematically 
Correct, n.d.). 
When I refer to mathematics in the term intended mathematical proficiencies, I 
am referring to school mathematics, not the academic discipline of mathematics. School 
mathematics consists of the mathematical proficiencies taught and learned in a classroom 
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(e.g., high school and college) in order to prepare students for engagement in a variety of 
activities beyond the classroom. In contrast, the discipline of mathematics is an academic 
pursuit whose ultimate goal is the proving of previously unproven theorems (Watson, 
2008). Although proofs appear in many school mathematics classes, they are only a small 
part of school mathematics. In contrast, they are the end result of all work in the 
discipline of mathematics. Although there is not an obvious point in a mathematician’s 
career where school mathematics ends and participation in the discipline of mathematics 
begins, I place the line at either the first classes taken as a part of a mathematics major in 
college, or college classes that are taken predominantly by students majoring in 
mathematics.  
Although intended mathematical proficiencies are generally taught in order to 
prepare students to participate in activities beyond the classroom, they do not, 
themselves, refer to anything beyond school mathematics. I refer to educational 
objectives that concern the beyond-the-classroom benefits that intended mathematical 
proficiencies can provide as aims for school mathematics. That is, if intended 
mathematical proficiencies describe the “what” of curriculum, then aims describe the 
“why.” There are many kinds of aims such as the practical application of mathematics to 
the real world, the development of more general intellectual abilities such as logical 
thinking, and passing important tests such as state-mandated accountability assessments. 
By definition, intended mathematical proficiencies and aims for school mathematics are 
mutually exclusive since the former does not refer to anything beyond school 




A single intended mathematical proficiency can serve multiple aims. For example, 
the mathematical proficiency of learning algebra can serve the aim of making effective 
decisions in day-to-day life, understanding the natural world, or getting into a selective 
college. Similarly, multiple intended mathematical proficiencies can serve a single aim. 
For example, arithmetic skill, an understanding of algebra, and facility with statistics can 
all broaden future employment opportunities. 
The distinction between intended mathematical proficiencies and aims for school 
mathematics can be illustrated through the example of a specific intended mathematical 
proficiency, graphing exponential functions, and some broader aims this proficiency can 
serve. Graphing exponential functions is an intended mathematical proficiency because it 
describes a mathematical skill that, as stated, does not refer to any benefits for learning it 
beyond the classroom. Two aims that this proficiency could serve are helping students 
become more financially responsible by understanding interest rates or helping students 
do well on college entrance exams that require this skill.  
Aims for school mathematics do not only have to be for the benefit of students. 
The successful teaching and learning of school mathematics can also benefit others such 
as teachers, schools, or society in general. For example, students’ successful achievement 
of the mathematical proficiency of graphing exponential functions can benefit teachers 
and schools by enabling students to perform well on high-stakes tests and it can benefit 
society by preparing students to make effective economic decisions as business leaders, 
policy makers, or citizens choosing leaders and supporting policy. Therefore, for this 
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dissertation, aims that benefit students, as well as teachers, schools, and the communities 
they serve, will be included. 
3.4 The Lens of Activity Theory 
In order to examine the role that aims play in curricular systems, I must 
complexify existing curricular theory to account for the variety of educational objectives 
that can motivate curriculum. To do this, I enlist the aid of a theoretical framework for 
how objectives motivate human activity in general: third generation cultural historical 
activity theory (henceforth referred to as activity theory) (Engeström, 1987). Activity 
theory is helpful because it defines and connects multiple levels of human endeavor that 
can be motivated by a variety of objectives. In particular, activity theory provides a 
framework for distinguishing between the broad objectives of an entire stage of 
curriculum and the more immediate objectives of elements of lessons such as tasks and 
discussions. Furthermore, activity theory has the flexibility to zoom out beyond an 
individual stage of curriculum and frame how objectives may change as curriculum 
proceeds through multiple stages. In Section 3.4.1 I will describe the relevant parts of 
activity theory in the abstract. Then, in Section 3.4.2 I will explain how I apply activity 
theory to curricular systems. 
3.4.1 Activity Theory  
The primary unit of analysis in activity theory is an activity system. An activity 
system consists of people (subjects) using language, concepts, and physical tools 
(instruments) on an idea or physical entity (object) to change it (outcome) (see Figure 4) 
(Engeström, 1987). An example of an activity system is the construction of a highway in 
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which a group of workers (subjects) use a variety of machines (instruments) on raw 
materials and the landscape (objects) to produce a road (outcome). Activity theory also 
accounts for how activity is split into specialized tasks (division of labor), the accepted 
guidelines for engagement in the activity (rules), and the larger social context of the 
activity (community) (Engeström, 1987).  
 
Figure 4. A human activity system. Adapted from Engeström (1987). 
An activity is, by definition, complex. Its outcome is not accomplished in a single 
event. The instruments are generally designed to accomplish intermediate tasks (actions) 
that are intended to impact the object in a way that moves the activity part of the way 
toward the desired outcome (see Figure 5). These part-way outcomes are called goals. All 
activity is composed of actions.  
Because actions only represent a part of the activity, one cannot fully understand 
actions without the context of the activity of which they are a part (Leont'ev, 1981 in 
Engestrom, 1987). For example, the work of a demolition expert blasting a path through a 
mountain for a highway is an action in the activity of building the highway. The 
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explosion (the action) clears a path (the goal) impacting the landscape (the object) and is 
a step toward creating the highway (the outcome). The work of the demolition expert 
cannot be fully understood if observed without the context of highway construction. 
Instead of understanding that the demolition is helping to build a highway, an observer of 
the independent action might think that the demolition expert was fighting a war, or 
mining for coal, or even just having fun.  
It is important to note that although the goals impact the object and help bring 
about the outcome, the connection between goal and object is not directional. This is 
because while the goal is designed to impact the object, the nature of the object also 
impacts the goal. In the case of the demolition, different kinds of road might require 
different kinds of blasting. An interstate highway may need to blast through the mountain 
to create a flat road, while for a local road it might be acceptable or even necessary to go 
over the mountain. Although not noted in the figure for clarity, the actions not only share 




Figure 5. An activity system with two actions shown. Actions share rules, community, 
and division of labor with the rest of the activity system. These connections are not 
shown for clarity. 
Activity systems can be composed of more than one activity. In order to describe 
the relationship between activities in an activity system, one activity is established as a 
frame of reference (a central activity) (see Figure 6). Other activities are then referred to 
in reference to the central activity (Engeström, 1987). A second activity might produce an 
instrument for use in the central activity (an instrument-producing activity). Another 
activity might help prepare the subject of the central activity for its participation in the 
central activity (a subject-producing activity). A third activity might create the rules that 
guide the work of the central activity (a rule-producing activity). The outcome of a 
central activity might be used in another activity (an object activity). Thus, the central 
activity can also be referred to as the object activity for its instrument-producing, subject-
producing, and rule-producing activities. For example, if the building of a highway is 
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situated as a central activity, it can be providing a road to the object activity of interstate 
commerce. It could also have subject-producing activities that train demolitions experts, 
or the asphalt layers, for their role in the project. There may also be instrument-producing 
activities that produce the explosives and vehicles used by the demolitions experts and 
asphalt layers. Finally, highway building may have a rule producing activity in which 
government establishes guidelines for highways or regulations for working conditions.  
 
Figure 6. A human activity system with multiple activities (adapted from Engeström 
(1987). 
I call all activities for which the central activity is an object activity (i.e., 
instrument-, subject-, and rule-producing activities) preparatory activities. Implicit in 
every preparatory activity is a conception of the object and outcome of the central 
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activity. It is important for the success of the central activity that these conceptions match 
the actual object and outcome of the central activity. For example, there would be a 
problem if a subject-producing activity trained workers to build a local road going over a 
mountain for a central activity whose outcome was the construction of an interstate 
highway through it. Consistency in object and outcome would be especially important for 
an instrument-producing activity that produces a plan for the road. The plan for the local 
road would not be of much use in building the tunnel for the interstate highway. 
3.4.2 Activity Theory as Applied to Curricular Systems 
The multiple levels of human endeavor theorized by activity theory make it very 
useful as a framework for understanding curricular systems. The relationship between 
multiple activities in an activity system can correspond to the various stages of a 
curricular system. I expand upon this in Section 3.4.2.1. Within an activity, the multiple 
actions that comprise the activity can correspond to the numerous curricular elements of a 
stage of curriculum (e.g., tasks, discussions, and exposition). I discuss this in Section 
3.4.2.2. 
3.4.2.1 An Activity Theory Interpretation of the Instructional Materials, Teacher-
Planned, and Enacted Stages of Curricular Systems 
I use activity theory as a framework for describing the role of aims for school 
mathematics across the stages of curriculum by recognizing that each stage of curriculum 
is part of an activity. In the activity of curriculum development (see Figure 7), curriculum 
developers (the subject of the activity) work on and produce instructional materials (the 
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object and outcome). Curriculum developers use a variety of instruments in their activity 
such as ideas for how to shape content for the purpose of learning (e.g., tasks, 
discussions, and written exposition). One could also describe the rules, community, and 
division of labor involved in curriculum development. However, these aspects of the 
activity did not emerge as themes in the data so I do not explore them here. Since the 
object of curriculum development, the instructional materials, is produced for use by 
teachers, curriculum development is an instrument-producing activity for the activity of 
teacher planning. 
 
Figure 7. A curricular system through the lens of activity theory. 
In the activity of teacher planning, teachers (the subject of the activity) work on 
and produce the teacher plan (the object and outcome). Similar to curriculum developers, 
teachers use a wide variety of instruments in their work. These include the curricular 
elements of the instructional materials, which they can modify or remove, as well as any 
curricular elements that they decide to add. Since the object of teacher planning, the 
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teacher plan, is produced for use in the enacted lesson, teacher planning is an instrument-
producing activity for the activity of the enacted lesson.  
The enacted curriculum is the manifestation of the designed mathematical content 
for the purpose of learning in the activity of the enacted lesson. Every enacted lesson will 
have some administrative aspects (e.g., administrative tasks such as taking attendance), 
but these are a small part of most enacted lessons and not the focus of this study, so the 
enacted curriculum and the enacted lesson will be, for the purposes of this study, 
indistinguishable. The subjects of the enacted lesson are both the teacher and the students 
since they both influence how the lesson unfolds. The object of the enacted lesson is the 
educational objectives of the lesson. These can be aims or these can be intended 
mathematical proficiencies. The outcome of the lesson is thus the students’ improved 
ability to engage with the educational objectives of the lesson. Similar to the other two 
stages, the subjects use a wide variety of instruments in the enactment. These include the 
curricular elements of the teacher plan, which teachers, or students can modify, or even 
remove, during enactment, as well as any new curricular elements that emerge during the 
enactment (such as a student-initiated discussion).   
When any part of the object of the enacted lesson is an aim, then the enacted 
lesson is preparing students to be subjects in activity beyond the classroom. Therefore, in 
these cases, the enacted lesson is a subject-producing activity for a central activity. This 
designation of education as a subject-producing activity is somewhat arbitrary. The 
enacted lesson could also be described as the central activity and an activity for which it 
prepares students as an object activity. I choose the former designation because it 
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highlights the subject-producing function that the enacted lesson serves.  
When the entire object of the enacted lesson is comprised of intended 
mathematical proficiencies, however, then there is no aspect of the object that refers to a 
central activity since intended mathematical proficiencies do not refer to anything beyond 
school mathematics. It could be argued that, in many cases, intended mathematical 
proficiencies prepare students to participate in the activity of further school mathematics. 
This is a reasonable interpretation. However, for the purposes of this study, which is 
concerned with how aims permeate curricular systems, the activity of future school 
mathematics is indistinguishable from the school mathematics of the enacted lesson and 
thus does not represent a different activity. Thus, in this study, I interpret enacted lessons 
in which the object is solely intended mathematical proficiencies as not connected to a 
central activity. 
Although the most tangible object of curriculum development and teacher 
planning are instructional materials and a teacher plan respectively, they also have 
educational objectives as objects. The instructional materials and the teacher plan are 
created with the intention of changing students’ ability to engage with intended 
mathematical proficiencies, aims, or a combination of the two. Thus, in a more complete 
activity theory interpretation of a curricular system, educational objectives of the lesson 
are the primary object of curriculum development, and the written curriculum and teacher 




Figure 8. A complexified version of a curricular system through the lens of activity 
theory. 
3.4.2.2 An Activity Theory Interpretation of an Individual Stage of Curriculum 
I use activity theory as a framework for describing the role of aims for school 
mathematics within a stage of curriculum by recognizing that curricular elements of a 
stage of curriculum (e.g., tasks, discussions, exposition) are instruments in actions that 
comprise the activity of the stage. That is, each instrument is being used by a subject (i.e., 
curriculum developer, teacher, or student) to accomplish a goal (i.e., an intended 
mathematical proficiency) that is an intermediate step toward the desired outcome of the 
lesson (i.e., accomplishment of the aim) (see Figure 9). For example, asking students to 
graph an exponential function in order to enhance their graphing skill would be an action 
with the task as the instrument and students as the subject. A class discussion, such as one 
designed to derive the compound interest formula, would be an action with both the 
teacher and students as subjects since both would participate. Both the graphing task and 
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the class discussion might be connected by the teacher to the aim apply knowledge of 
compound interest to personal finance.  
 
Figure 9. The activity of an enacted lesson on exponential functions and compound 
interest with the enacted curriculum shaded. 
Not all goals of actions, however, are connected to aims. The intended 
mathematical proficiency graph an exponential function could be the goal of an action in 
a decontextualized lesson in which no connections are evident beyond school 
mathematics. I refer to intended mathematical proficiencies that are not connected to an 
aim in a lesson as unconnected mathematical proficiencies and they become part of the 





 CHAPTER FOUR: METHODS 
This study contributes to what is known about the role of aims for school 
mathematics in curricular systems by producing theory (i.e., descriptions of roles that 
school mathematics can play in curricular systems) that may help explain an observed 
problem (i.e., that the system of K–12 mathematics education in the United States is not 
achieving many of its aims). In order to generate theory, this study investigates two 
research questions 1) How can aims for school mathematics be described and 
categorized? and 2) To what extent and how do aims for school mathematics permeate 
the selected curricular systems?  
In order to address these questions, I undertake a qualitative analysis of ten 
mathematics lessons as they progress through three stages of curriculum: instructional 
materials, teacher-planning, and enactment. I also examine, to a lesser extent, a fourth, 
student outcomes (see Figure 10). I focus on these stages of curriculum because they are 
the stages that most directly relate to the curriculum experienced by students. To study 
the role of aims in a curricular system, I draw from activity theory, as described in 
Chapter 3, to analyze how aims are connected to the instruments in each stage via 
intended mathematical proficiencies, the extent to which the objects of each stage are 
aims (as opposed to unconnected intended mathematical proficiencies), and to what 






Figure 10. Stages and transformations of school mathematics curriculum, adapted from 
Remillard and Heck (2014), with the stages of focus shaded.  
In this chapter I report how I implemented this study. In section 4.1 I describe the 
four curricular systems from which the lessons were drawn, including the teachers, the 
schools, and the courses. In section 4.2 I relate how I collected data from instructional 
materials, students, teachers and by observing enacted lessons. In this section I also 
explain how I worked with the teachers to select the lessons. In section 4.3 I chronicle the 
data analysis. I describe the codes I developed, how I coded the data, and how I generated 
the themes that formed the basis for the theory that emerge 
 
Figure 11. The activity of an enacted lesson with the curriculum shaded. 
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4.1 The Examined Curricular Systems 
The lessons chosen for this study were planned and taught by four teachers in two 
different schools each of which had an adopted set of instructional materials. I chose to 
include multiple teachers from multiple schools with different curricular materials in 
order to obtain a diverse set of lessons. My rational for a diverse set of lessons was that 
data representing multiple approaches would create a more widely applicable theory. The 
teachers were chosen from a larger group of teachers who participated in initial 
interviews about aims based on their school’s willingness to be part of this study. After 
data collection was complete, teachers were given a small honorarium. 
At the time of the study, two of the teachers, Ms. Lavelle and Mr. Mays4, taught 
at Harris High School, a small charter school serving an economically diverse mostly 
Black and Latinx student population in a large northeastern city. Ms. Lavelle’s lessons 
were drawn from one of her Algebra 1 classes and Mr. Mays’ lessons were drawn from 
one of his Geometry classes. Ms. Lavelle was in her third year of teaching and her first 
full year using her schools’ curriculum materials (although she previously used parts of 
it). Mr. Mays was in his seventh year of teaching and his first using the school’s 
curriculum materials.  
The other two teachers, Ms. Morgan and Ms. Heath, taught at Warren High 
School, a large economically and racially diverse suburban public high school just 
outside of the same northeastern city. Ms. Morgan’s lessons were drawn from one of her 
Algebra 2 Honors classes. Ms. Heath’s lessons were drawn from her College Prep 2 
 
4 School names, teacher names, and student names are all pseudonyms. 
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Algebra 2 class – a class for students who had previously struggled in math. Ms. Morgan 
was in her fourth year of teaching, Ms. Heath in her seventh. Both were in their second 
year using the school’s curriculum materials.  
I chose classes that, as a group, provide variety in terms of the pace of the class 
(i.e., one honors class, two standard paced classes, and one slower-paced class) in order 
to capture any variation in aims or how they work to support teaching and learning that 
might result from these differences. I chose algebra and geometry classes because they 
are advanced enough that teachers may be thinking about aims beyond high school, but 
not so advanced that most of these aims are likely to be limited to STEM professions or 
pure mathematical aims.  
4.2 Data Collection 
In order to investigate the role of aims in these lessons, I collected two kinds of 
data. The first kind is general information via interviews and documents about subjects’ 
(i.e., curriculum developers, teachers, and students) perspective on their aims for the 
course under study. I refer to this kind of data as overview data. The second kind of data 
collected is the curriculum itself for each lesson in its instructional materials, teacher-
planned, and enacted stages (lesson data). This data includes teacher and student 
interviews as well as curricular documents that provide explicit and implicit information 
about the instruments, goals, and objects of each lesson at all three stages. The data 
collection, which I describe in the remainder of this section, occurred in the sequence 




Figure 12. Sequence of data collection. 
Both overview data and lesson data were used to answer Research Question 1, 
How can aims be described and categorized? by providing examples of aims for 
categorization. Lesson data was used to answer Research Question 2, To what extent and 
how do aims permeate the selected curricular systems? primarily by revealing whether 
the objects of the stages of lessons are aims or intended mathematical proficiencies. The 
greater the extent to which the objects of lessons are aims, the more aims permeate the 
lesson. Lesson data also was used to illustrate how aims permeate lessons by providing 
information on how instruments and goals are connected to aims and to what extent the 
object of lessons is consistent across the stages of curriculum. Overview data was used to 
address RQ2 by providing additional information to support interpretations of the goals 
and aims evident in the lesson data.  
4.2.1 Overview Data 
Overview data, which was collected first for the context it provides for the lesson 
data, was collected from instructional materials, students, and teachers. This section 































4.2.1.1 Instructional Materials 
Once each teacher agreed to participate in the study, I asked them to identify any 
published instructional materials that they use. The Warren High School Teachers 
identified Core Connections Algebra 2 published by CPM Educational Program (Dietiker 
et al., 2013) and the Harris Charter School teachers identified the Achievement First open 
source curriculum, Algebra 1 for Ms. Lavelle (Achievement First, 2018a) and Geometry 
for Mr. Mays (Achievement First, 2018c). I obtained online access to all three sets of 
materials. For overview data from these materials, I identified any exposition in 
introductory or supplementary materials that referred to the entire course. This included, 
but was not limited to, introductions, scope and sequences, notes to teachers, and research 
justifications for overall curricular approaches.  
4.2.1.2 Students 
I also asked each teacher to recommend three students with a variety of 
backgrounds in and attitudes towards mathematics for me to interview. These students 
were given an opt-in consent form for participation in interviews about their mathematics 
class. For overview information from these students, I conducted in-depth interviews 
with each student early in data collection about their perspective on the purpose of their 
math course and aims for school mathematics in general (see Appendix A). These 
interviews, like all interviews in this study, were semi-structured interviews (Merriam, 
2009) in that they were designed to elicit particular types of information and began with 
prepared questions but were be flexible enough to allow me to formulate follow-up 
questions in the moment based on the responses of the subject. All interviews were audio 
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recorded and transcribed. At the end of data collection, these students were each given an 
iTunes or Amazon gift card.  
4.2.1.3 Overview Data from Teachers 
Overview data was collected from teachers in two separate interviews. The first of 
these interviews was designed to elicit teachers’ aims for the course as a whole and how 
these aims are influenced by influences beyond the classroom (the aims and influences 
interview) (see Appendix B). I began these interviews by asking, “What do you hope 
your students will get out of this class?” This question was designed to elicit both 
intended mathematical proficiencies and aims. In order to ensure that any thoughts they 
had about aims emerged, I followed up any aims-related statements with requests for 
further clarification and detail. Furthermore, I followed up any proficiency-related 
statements with questions designed to elicit the aims that are served by the mentioned 
proficiency. If a teacher raised exchange-value aims (such as preparing students for 
college entrance exams), I asked follow-up questions designed to elicit any thoughts they 
had about the use-value aims that underlie high exchange-value mathematical 
proficiencies. At the end of this part of the interview I summarized their answer to the 
question “What do you hope your students will get out of this class?” and asked them to 
correct any errors or add any missing perspectives. 
In a second part of this interview, I asked the teachers to describe any influences 
outside of their classroom that support or constrain their efforts to achieve their 
educational objectives (such as accountability pressures or school-based curricular 




The second teacher overview interview, the instructional materials interview, 
primarily concerned teachers’ interpretation of and work with instructional materials, so I 
asked them to have their instructional materials on hand (see Appendix C). I began this 
interview by asking teachers to describe how they introduce the course at the beginning 
of the year. Since the first days of class provide teachers with an opportunity to frame the 
entire year of mathematics using aims, the goal was to obtain further information about 
the teachers’ intended aims for the course.  
I then turned the teachers’ attention to the instructional materials. I asked which of 
the materials were supplied by the school. For materials that they acquired on their own, I 
asked what these materials provide that is unavailable in the school-supplied materials. If 
they only use the materials that are provided for them, I asked them to describe how these 
materials support or constrain what they are trying to accomplish with their students. This 
is an important line of inquiry because the decision to acquire outside materials and their 
evaluation of provided materials may be influenced by the extent to which their aims 
align with their perceived aims of the materials and asking these questions creates an 
opportunity to elicit this influence. Furthermore, this information provides important 
background that helps contextualize the decisions they make in transforming curriculum 
from the instructional materials to the teacher-planned stage. 
Next, I explored whether and how teachers’ aims are differentially supported by 
particular mathematical topics and practices. This part of the interview focused separately 
on each of the aims that teachers identified in the aims and influences interview. If there 
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were aims that were not supported by any particular aspects of the curricular materials 
that they use, I asked how they intended to address those aims, if at all. I then asked 
teachers to identify any topics, units, or lessons that they believe do not support any of 
their stated aims. For each curricular topic, unit, or lesson identified by the teacher, I 
asked how this lack of support of their aims influences how they teach it, if at all. I asked 
this as an open-ended question, but if they were not sure what I meant, I asked more 
specific questions such as, “Does it affect the amount of time that you spend on the 
topic?”, “Does it affect the extent to which you seek a deep understanding of the topic?”, 
or “Does it affect the extent to which you try to generate student interest in the topic?”  
4.2.1.4 First-Days-of-School Lesson Observations 
For the Warren High School teachers, I also asked to observe the first lesson of 
the year when they talked about mathematical content in any way (as opposed to 
establishing behavioral norms or discussing grading policies). I did not observe the first 
lesson of the year for Harris Charter School teachers because they joined the study after 
the school year began. Instead, in the curriculum interview, I asked for more detail about 
their first lesson of the year since, for them, it had already occurred. 
Because it is common for teachers to describe the overall goals of a course at its 
start, I observed the first-days-of-school lessons as overview data. The purpose of these 
observations was to augment the aims and influences interview in providing information 
about the teacher’s educational objectives for the course as a whole. These enacted 
lessons, like all observed lessons in this study, were audio recorded. To enable this to 
happen, opt-out consent forms were sent home to all students for participation in all the 
 
 69 
audio-taped classroom observations in the study. Also, pictures were taken of bulletin 
boards in the classroom as well as anything that was written or projected on whiteboards 
during the lesson. I also collected any handouts that were distributed. I sat in on the 
lesson and took field notes on any aims that became evident in the enactment on an 
observation tool (see Appendix D) along with the time that the aim was discussed, a 
description of what was happening in class, and any additional observations that arose. 
For example, in recording aims, I would note if a teacher commented that a topic is useful 
in day-to-day life, or a classwork problem that highlights how a topic models an aspect of 
the physical world. 
4.2.2 Lesson Selection 
At the end of the curriculum interview, teachers were asked to identify a selection 
of lessons that represent the range of aims that they hold for the course as well as a lesson 
that does not accomplish any of their aims (if one exists). From this group, three lessons 
were chosen for each teacher for lesson data collection. Two lessons were chosen to 
prioritize the lessons that teachers felt were most effective at accomplishing aims and to 
provide a diversity of topics for that teacher and, where possible, between teachers. The 
third lesson for each teacher was one that they identified as not serving any of their aims. 
Ten of the twelve lessons collected were analyzed (see Table 1). The two 
unanalyzed lessons were chosen as the lowest priority due to similarities to other lessons 
by the same teacher. In the end they were not analyzed due to time limitations and the 
fact that codes and themes had stabilized, and a theory had emerged. Two lessons on 
same topic, compound interest, were analyzed because the teachers identified the lessons 
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as the ones that are most effective at accomplishing aims that are important to them. 
Table 1 
 
Summaries of Lessons Analyzed by Title and Teacher 
 
Lesson title Teacher Summary 
Graphing Exponential 
Functions 
Ms. Lavelle Students make tables for and graph 
exponential functions of the form abx and 





Ms. Lavelle Students write systems of equations to 
model contextual problems and solve them 
by graphing. 
 
Solving Systems Using 
Substitution 
Ms. Lavelle Students solve systems of linear equations 
using the substitution method. 
 
Parallelograms Mr. Mays Students learn that the diagonals of 
parallelograms bisect each other and use 
properties of parallelograms to find missing 
lengths in non-contextual problems. 
 
Similar Triangles Mr. Mays Students use similar triangles to find 
missing lengths in both contextual and non-
contextual problems. 
 
Big Loans Mr. Mays Students research the terms of car loans or 
mortgages and analyze the impact of 
different loan lengths and credit scores on 
total interest and payment size. 
 
Compound Interest Ms. Heath Students learn about compound interest and 
solve future value problems.  
 
Area Models Ms. Heath Students model trinomial expressions with 
area models. 
 
Compound Interest Ms. Morgan Students learn about compound interest and 
solve future value problems. 
 





4.2.1 Lesson Data 
The lesson data collected for each lesson includes the instructional materials for 
the lesson, a pre-observation interview with the teacher, the observation of the enacted 
lesson, a post-observation interview with the teacher, and post-observation interviews 
with the same students who were interviewed for the overview data. The instructional 
materials provide data about the instructional materials curriculum, the pre-observation 
interview and, sometimes, the post-observation teacher interview provide data about the 
teacher-planned curriculum, and the observation and the student and teacher post-
observation interviews provide data about the enacted curriculum (see Table 2 and Figure 
12). In the following sections I will provide details about the collection of lesson data for 
each stage of curriculum. 
Table 2 
 
Data Collected by Type and Stage of Curriculum (for lesson data) 
 
Data collected 
Stage of curriculum for which data are relevant 







Overview Data     
Instructional materials overview 
documents     
Aims and influences interview (teacher)     
Instructional materials interview 
(teacher)      
Aims interview (student)     
Lesson Data     
Instructional materials lesson x    
Pre-lesson interview (teacher)  x   
Classroom observation   x  
Post-lesson interview (teacher)  x x  




4.2.1.1 Instructional Materials Stage 
Because aims can be referenced differently in student- and teacher-facing 
materials, I obtained the instructional materials for the lesson from both teacher and 
student editions. In both editions this encompasses any text or illustrations between the 
title of the lesson of interest and the title of the next lesson. In the teacher editions this 
includes, but is not limited to, teacher-facing introductory exposition, stated goals for the 
lesson, and pedagogical suggestions. I also obtained introductory or other overview 
materials from the unit in which the lesson is located. I considered any text from the unit 
materials that refers directly to the lesson as part of the instructional materials for the 
lesson. I considered other text in the unit materials as overview data and added it to the 
overview data previously collected.  
4.2.1.2 Teacher-Planned Stage 
The lesson data collected for the teacher-planned stage includes a pre-observation 
interview with the teacher, any written plan that the teacher prepared, any part of the 
curricular materials that the teacher indicated are to be used in the lesson, any teacher-
prepared student-facing materials, and any aspects of the plan discussed in the post-
observation interview.  
I conducted pre-observation interviews in person or by phone on the evening 
before or the morning of the enacted lesson. Before beginning the interview, I asked 
teachers to identify or provide any written or online material they planned to use in the 
lesson, including published and teacher-made materials. I began the interview by asking 
teachers to describe, in detail, their plan for the lesson (see Appendix E). If needed, I 
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asked follow-up questions to ensure that the following were clear: 1) mathematical goals 
for the lesson, 2) reasons for choosing particular tasks, 3) reasons for sequencing tasks in 
a particular way, 4) planned framing for tasks, 5) affordances in the design of the 
textbook lesson, and 6) reasons for any planned deviations from the textbook lesson. If 
they did not mention the aims that they connected with this lesson in the curriculum 
interview, I asked, “Does this lesson help accomplish any of the goals that you mentioned 
in our initial interviews?” Similar to the overview interviews, lesson data interviews were 
audio recorded and transcribed. 
4.2.1.3 Enacted Stage 
The observation component of the lesson data collected for the enacted stage is 
very similar to the data collected of the first-days-of-school lessons. It includes audio 
recordings of the lesson, pictures of bulletin boards, white board writing and projections, 
handouts, and field notes. Unlike the first-days-of-school lessons, recordings of 
enactments for lesson data were transcribed. The observation tool for the lesson data 
observations is similar to that for the first-days-of-school lessons but with an additional 
column in which I recorded any deviations from the lesson plan (see Appendix F). I 
recorded these deviations from the lesson plan because they represent changes from the 
previous curricular stage and were important to discuss in the post-observation interview. 
In addition to the observation, the lesson data from the enacted stage also includes 
post-observation interviews with the teacher and each of the three students interviewed 
for the overview data. The one exception to this was an additional student in Ms. 
Lavelle’s class who was interviewed for the final observation after one of the other 
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students was absent. 
The post-lesson interview with the teacher was primarily focused on deviations 
from the lesson plan during the enactment that were noted in my field notes or identified 
by the teacher (see Appendix G). We discussed the basis of these decisions so that any 
aims-driven decisions could be identified. If any other topics emerged during these 
discussions that were related to the object of the lesson, I allowed the conversation to 
develop in that direction as well.  
In the post-observation student interviews, I sought to learn what students saw as 
the object of the lesson. I began these interviews with an open-ended question to see if 
they naturally gravitated toward talking about aims (see Appendix H). This gave me an 
indication of the salience of aims in their thinking about the lesson. If the conversation 
did not naturally turn toward aims, I followed up with more direct questions. I scheduled 
these interviews on the same day as the observed class, either during student free periods, 
at lunch, or after school. 
4.3 Data Analysis 
I analyzed the collected data using thematic analysis (Braun & Clarke, 2006). 
Coding was largely inductive but some sensitizing concepts were used (Van den 
Hoonaard, 1997). I analyzed each lesson separately, coding the data and generating 
themes for how aims can be described and categorized (Research Question 1) and how 
aims permeate the lesson (Research Question 2). Within each lesson I initially focused on 





In order to develop themes for how aims can be described and categorized and 
how they permeate the selected curricular systems, I identified the aims, mathematical 
proficiencies, other educational objectives, and instruments evident in each lesson. All 
documents and transcripts were coded in MAXQDA, a data analysis software package 
for qualitative and mixed methods research. 
4.3.1.1 Aims for School Mathematics 
I coded any mention of a beyond-the-classroom purpose for mathematics either in 
general or with reference to specific mathematical proficiencies as an aim. These occur in 
documents, interviews, and transcripts of lesson enactments. These can be explicit 
statements about aims, such as a teacher statement that “it is important for students to 
learn mathematics so they can understand the world around them,” or statements that 
imply aims, such as a teacher who laments that “too many of my students are not 
understanding how much of the world around them is modeled by these functions.” 
Statements might be clearly about one aim, such as introductory material in a lesson that 
states, “Learning about functions is important because it is tested on the SAT” or 
statements might refer to multiple aims, such as marketing materials for a textbook that 
states, “The lessons in this book show students that mathematics can be a recreational 
pursuit as well as an important skill in work and personal decision making.” Aims can 
also be implicit in tasks. For example, a task in which students calculate profit suggests 
the aim of the practical application of mathematics to business. My coding of aims was 
inductive but used sensitizing concepts from research and policy literatures as described 
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in Chapter 2 and summarized in Figure 13. 
 
Figure 13. Sensitizing concepts for aims from research and policy literatures. 
4.3.1.2 Other Educational Objectives, Including Intended Mathematical Proficiencies 
Because the extent to which and how aims permeate a lesson depends on whether 
aims are the sole object of the lesson or are joined or even supplanted by intended 
mathematical proficiencies or other educational objectives, I coded intended 
mathematical proficiencies and other educational objectives as well. An example of 
another kind of educational objective beyond aims and mathematical proficiencies that is 
evident in lessons are non-mathematical goals such as know the kinds of loans adults 
procure, or understand credit scores. These other educational objectives were coded 
inductively. These other educational objectives were included in the analysis because 
they often served as important supports for aims. Ignoring them would have obscured the 





























In coding intended mathematical proficiencies, I coded all five strands of 
mathematical proficiency described in Chapter 2: procedural fluency, conceptual 
understanding, strategic competence, adaptive reasoning, and productive disposition 
(Kilpatrick et al., 2001). However, I confined the coding to intended proficiencies that are 
explicitly mentioned at some point in the lesson or clearly described in task instructions. 
The bar for identifying an intended mathematical proficiency that is not explicitly stated 
was quite high. For example, if a lesson described use similar triangles to find missing 
lengths on figures as an intended mathematical proficiency, and a problem in which the 
missing lengths are labeled x and y asks students to find x+y, I would code an additional 
mathematical proficiency, evaluate expressions at the end of a problem as intended since 
the task is explicitly asking students to do something that is not already described as an 
intended mathematical proficiency. However, I would not code practice standards that 
might also be relevant to the task such as mathematical problem solving, or look for and 
make use of structure, unless they were explicitly mentioned.  Otherwise, rich tasks could 
suggest many strands that might be present but not central to the lesson. This approach to 
coding is valuable for understanding how educational objectives can drive instruction 
across lessons in instructional materials that seek the development of mathematical 
practices without explicitly focusing on them in any particular lesson. However, since the 
unit of analysis in this study is a lesson, it is not designed for analyzing these kinds of 




I also coded all instruments used in the lesson to learn how the instruments 
supported the lesson aims. For example, are some aims supported by many instruments in 
a lesson while others are supported by few? The coding of instruments was inductive, but 
the codes stabilized quickly. Examples of codes for instruments are tasks, class 
discussions, and exposition (meaning written or verbal statements). In order to be able to 
identify instrument individually in analysis I give each a unique name (e.g., problem 1.3 
or launch task discussion). 
In addition to coding which instruments are evident in the lesson and which 
educational objectives they support, I also analyzed how instruments change across 
stages of curriculum. Some instruments were removed between stages, such as when a 
teacher decided to skip a task in the textbook; some instruments were modified between 
stages, such as when a teacher changed the wording of or numbers in a task; and some 
instruments were added, such as when a teacher chose to add verbal exposition 
explaining an idea that they feel was not well explained in the text. Noting these changes 
is important because they influence how aims permeate differently in different stages of 
curriculum as the lesson moves through the stages. A summary of the types of codes used 






Types of codes used to analyze the selected curricular systems with examples 
 
Type of code Examples 
Aims for school 
mathematics 
The practical application of mathematics to professional 




Mathematical problem solving, enjoy school mathematics, 
be able to graph an exponential function, look for and make 
use of structure 
 
Instruments Tasks, class discussions, verbal exposition, written 
exposition 
 
How instruments change 
across stages of 
curriculum 
No change, removed, added, modified 
4.3.2 Coding Overview Data 
I began the coding process with the overview data: the introductory and 
supplementary text for the curricular materials, the initial interviews for teachers and 
students, and the first-days-of-school lessons for the Warren High School teachers. The 
focus of the coding of overview documents was on identifying aims and intended 
mathematical proficiencies that are described as supporting them. This provided 
additional clarity to references to these educational objectives when they arose in the 
lesson data. One type of clarity that this provided, as described earlier, was in providing 
additional information about what the subject meant when referring to particular aims or 
proficiencies. 
Another type of clarity that this coding provided is that it enabled me to connect 
proficiencies to aims in lesson data even if the connection is not made in that particular 
lesson. For example, instructional materials might indicate, in its introductory materials, 
 
 80 
that an important benefit of learning about exponential functions is that they are valuable 
for understanding personal finance. If, subsequently, I identified exponential functions as 
an intended mathematical proficiency in a lesson, I also coded personal finance as an 
object of that lesson even if personal finance is not explicitly discussed in that lesson.   
4.3.3 Coding Lesson Data and Generating Themes 
I coded lesson data after the overview data. For each lesson, I coded all three 
stages before moving on to the next lesson. I started with the instructional materials 
curriculum, then coded the teacher-planned curriculum, then the enacted curriculum.  
4.3.3.1 Coding Instructional Materials Lesson Data 
I began my coding of the instructional materials by using both the teacher and 
student materials to identify the sequence of instruments used in the lesson. 
Understanding this sequence allowed me to visualize how the lesson was to unfold and 
provided a context for coding the other stages of the lesson’s curriculum. After 
establishing the sequence of instruments, I focused on the teacher edition to identify the 
aims, intended mathematical proficiencies, or any other educational objectives explicitly 
identified in the lesson. These were generally described on the first teacher-facing page of 
the lesson but were also sometimes identified in suggested class discussions framing the 
lesson, statements on student-facing pages, or in suggestions of exposition to be written 
on the classroom whiteboard.  
I then coded each instrument for evidence of whether it is connected to any of the 
identified aims and proficiencies. For example, if a lesson described graphing 
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exponential functions as an intended mathematical proficiency and a task in the lesson 
asked students to graph the balance of a savings account growing at 6% compounded 
annually, I would code the task as supporting both the intended mathematical proficiency 
of graphing exponential functions and the aim of the practical application of exponential 
functions to personal finance. When coding these connections, I also noted any additional 
intended mathematical proficiencies for the lesson that are evident in instruments but not 
stated explicitly elsewhere.  
In order to support the development of themes about categorizing aims and how 
aims permeate a stage of curriculum, I generated a visual representation of the 
connections between the curricular elements in a particular stage (see Figure 14). The 
instruments, on the right side of the diagram, are connected by a line to any intended 
mathematical proficiencies that they support. The proficiencies, in the center, are 
connected to any aims that they support. For example, Instrument 1 is connected to all 
three proficiencies in the lesson whereas Instrument 2 is only connected to Intended 
Mathematical Proficiency 2. Intended Mathematical Proficiency 1 is connected to the two 
aims that are evident in the lesson, Intended Mathematical Proficiency 2 is only 
connected to Aim 2, and Intended Mathematical Proficiency 3 is unconnected. Therefore, 
the object of the lesson is comprised of the two aims and Intended Mathematical 




Figure 14. A generic aims permeation diagram with elements of the object of the lesson 
shaded. 
4.3.3.2 Coding Lesson Data from the Teacher-Planned Curriculum 
My overall procedure for coding the teacher-planned curriculum was similar to 
that for coding the instructional materials curriculum. I first identified the sequence of 
instruments in the lesson by analyzing the teacher’s verbal description of the plan for the 
lesson in the pre-observation interview. I then examined any instructional materials or 
teacher-made handouts identified by the teacher as part of the plan to see if these 
materials had any additional information about the sequence of instruments. In coding 
this sequence, I noted changes between the instructional materials and teacher-planned 
sequences. That is, are any instruments from the instructional materials eliminated or 
modified and are there any new instruments in the teacher planned curriculum? I then 
























statements and in the written materials identified by the teacher as part of the plan. 
Lastly, I looked for connections between instruments and educational objectives in any 
written plan, written materials referred to in the plan, and statements made in the pre-
observation interview and plan-related parts of the post-observation interview so I could 
generate an aims permeation diagram. Once an aims permeation diagram was 
constructed, I used it to generate categories for aims and themes for how aims permeate a 
stage of curriculum. 
4.3.3.3 Coding Lesson Data from the Enacted Curriculum 
Similar to the other two stages, in coding the enacted curriculum I identified the 
sequence of instruments, coded for educational objectives, identified connections 
between instruments and educational objectives, and then continued to construct 
categories for aims and themes for how aims permeate a stage of curriculum. I generally 
noted the sequence of instruments as it unfolded in my field notes and confirmed it by 
reviewing the transcript of the lesson and written materials that were used. In doing so, I 
noted any changes from the plan in the sequence or in the instruments themselves.  
Noting changes in verbal exposition and class discussions required some 
interpretation as these are never enacted verbatim from a plan. I did not code these for 
changes in wording, but instead examined the topics addressed and whether any new 
topics were introduced by the teacher or a student. If the enacted version of the 
instrument addresses the same topics as the plan, then I coded it as unchanged. If a topic 
is omitted or a new topic is added by the teacher, then I coded the instrument as modified. 
If a student question or comment introduces a new topic, then I coded the subsequent 
 
 84 
discussion or exposition as new instrument — a student-initiated conversation.   
Once all three stages were analyzed, I looked across the stages to note how the 
object of each stage changes as the lesson progresses through the stages, asking, do all 
objects have a similar ratio of aims to non-aims? Do the aims in the object remain 
consistent as the lesson progresses or do they change? 
4.3.4 Developing Themes Across Lessons 
Once the thematic analyses of two lessons were completed, I began to develop 
themes across lessons. I compared themes generated by permeation diagrams for 
individual stages and then themes generated by cross-stage analysis. I sought both 
similarities and differences between lessons. Early in the cross-lesson analyses, 
comparisons between lessons led to insights about individual lessons that required 
alterations in the codebook, recoding of lessons, and refinement of themes. As the 
analysis progressed, however, codes and themes stabilized, and, by the time ten lessons 
were analyzed, a theory for the role of aims in curricular systems had emerged.
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 CHAPTER FIVE: CHARACTERIZING AIMS FOR SCHOOL MATHEMATICS 
AND THE CONNECTIONS BETWEEN AIMS AND INTENDED 
MATHEMATICAL PROFICIENCIES 
I…try to teach them how to persevere through this, and look at a problem and say, "It's 
okay if you don't know the answer right away." Yeah, I think that those skills serve you 
in life much more than the quadratic formula or any other Algebra 2 concept we teach. I 
think, just in real life, being able to be an adult isn't easy. And it takes a lot of that 
perseverance, and it takes a lot of that problem solving, and that not giving up, and 
looking at it from as many angles as possible. Yeah, I think that it extends way beyond 
college, even your career, but just life as a whole. 
- Ms. Morgan 
I think it's important mathematically, just because we do have all these different 
representations… just understanding that you could do that if you needed to, to see it 
differently. And then, I think just in life in general, just things can be represented 
differently…. I think just studying and notes and things. If they're doing vocabulary, and 
they see the vocabulary represented as flash cards that might not work for them, so to 
understand there's a different way for them to study or to look at that… I just bought a 
house… there was certain things that happened along the way that information was 
presented to me in different ways and depending on how it was presented to me, I took it 
in differently…these skills might potentially help them through that process. 
- Ms. Heath 
In Algebra 1, we can say…. "You're investing this much at this rate; how long will it take 
before you are a millionaire?"  
- Mr. Mays 
This dissertation investigates why the United States mathematics education 
system is not achieving many of its aims by building theory for the role of aims for 
school mathematics in curricular systems. It builds this theory by analyzing the 
instructional materials, teacher-planned, enacted, and a small part of the student outcomes 
stages of ten lessons taught by four different teachers in two schools. This chapter and the 
two that follow report on the findings of this work. This chapter takes the narrowest 
perspective of the three by focusing on how aims can be described and categorized 
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(Research Question 1) and on ways that aims, in general, can suggest and be impacted by 
intended mathematical proficiencies (a small part of Research Question 2, To what extent 
and how do aims permeate curricular systems?). The next two chapters will broaden this 
investigation to look at how aims permeate entire stages of curriculum (Chapter 6) and 
how aims permeate across stages of curriculum (Chapter 7). 
The importance of the first part of this chapter, finding clear ways to describe and 
categorize aims (Section 5.1), is illustrated by the teacher statements above. Although it 
is sometimes easy to understand a teachers’ assertion of an aim, such as Mr. May’s 
statement about the applicability of Algebra 1 to personal finance, others, such as Ms. 
Heath’s and Ms. Morgan’s statements, are more difficult to parse and compare. The 
framework created in this chapter for describing and categorizing aims will provide a lens 
for understanding statements like those above. It identifies components of each aim that 
can be used to interpret aims and compare them, making it possible to investigate how 
different aims permeate curricular systems differently. In seeking a way to describe aims, 
I looked for common aspects that references to aims tend to have. These commonalities 
would allow me to parse new references to aims into the different ways that they address 
these common aspects.  
 In order to illustrate the relationship between this work of describing and 
categorizing aims and the broader goal of this project (i.e., investigating the role of aims 
in curricular systems), I interpret a curricular system through the lens of activity theory, 
described in Chapter 3. Activity theory describes human activity as motivated by a desire 
to change the object of activity into an outcome (Engeström, 1987). In the case of a 
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curricular system, I conceptualize each stage of curriculum as an activity. The objects 
that motivate these activities can be aims (see the shaded circles in Figure 15). I interpret 
the beyond-the-classroom benefits to which aims refer as applying to a central activity 
that is beyond the activity of the curriculum. Thus, the work of describing and 
categorizing aims concerns the central activity of the curricular system as well as the 






Figure 15. A curricular system through the lens of activity theory with the parts most directly relevant to aims shaded. 
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Section 5.2 will build on the framework for aims established in Section 5.1. This 
part will examine the relationship between aims and intended mathematical proficiencies. 
By definition, this is a bidirectional connection in which the mastery of intended 
mathematical proficiencies in a lesson support students’ achievement of aims and the 
nature of the aims established for lesson determine the intended mathematical 
proficiencies that are taught. This connection is important for investigating the role of 
aims in curricular systems because it an integral part of the activity of a stage of 
curriculum. When intended mathematical proficiencies are connected to aims, they are 
connected as the goals of actions in the activity5. That is, they are intermediate steps 
within the activity (see Figure 16). Thus, identifying the connections between intended 
mathematical proficiencies and aims reveals the assumptions that underly the lesson 
about how the mastery specific kinds of mathematical knowledge, skills, and dispositions 
helps students become more able to participate in activities beyond the classroom. This 
section describes different ways that these connections can be characterized and thus 
reveals the nature of these assumptions. This is a central aspect of how aims permeate 
curricular systems.  
 




Figure 16. The activity of a stage of curriculum with the connections between goals and 
aims shaded. 
5.1 Describing and Categorizing Aims 
5.1.1 Describing Aims 
An analysis of the three statements at the beginning of this chapter reveals two 
patterns that can be generalized as aspects of aims. The first is that each statement 
describes one or more domain as a central activity for which students are being prepared 
(an intended central activity). Ms. Morgan mentions three, “college”, “career”, and “life 
as a whole.” Ms. Heath mentions two central activities, studying vocabulary in school  
and personal financial decision making (i.e., buying a house). Mr. Mays refers to one 
activity, personal financial decision making in the form of investing. 
The second pattern evident in the three statements is that they each describe how 
mathematics supports participation in the intended central activity. Ms. Morgan states 
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that problem solving in mathematics develops students’ ability to persevere in problem 
solving in general, particularly in the central activities she describes. Ms. Heath suggests 
that the skill of recognizing connections between different mathematical representations 
develops a broader skill of making and recognizing multiple representations in other 
domains, such as the two examples she gives. Mr. Mays describes how mathematics can 
be applied directly to personal financial decision making in a very practical way, the 
calculation of the length of time it will take an investment to reach a certain desired 
amount. Drawing from Kollosche’s (2018) description of the social functions that 
mathematics education plays in society, I refer to these as the functions that mathematics 
is envisioned as playing in preparing students to participate in the central activity. 
These three teachers’ statements of aims can be described and compared by 
identifying the central activity and the function that mathematics plays in preparing 
students for participation in the central activity. This turned out to be true for all of the 
aims that teachers cited in the study. It is important to note that, although no aim had an 
aspect that could not be described as a function or an intended central activity, not all 
aims had both. For example, in his aims and influences interview, Mr. Mays states that:  
There can be a lot of value in a task that has no real-world application… The way 
I say it to the kids is, ‘You're exercising your mind. If you exercise your body and 
you're not sore at the end of it, then you probably didn't do a great job. So, if you 
can tackle a puzzle and you have a headache at the end of it, that means you did a 
lot of growing.’ 
He is indicating a function for math, to “exercise the mind” in order to improve thinking, 
but does not specify a central activity. Thus, this framework for describing aims is helpful 
not only in identifying what is in descriptions of aims, but also helpful in illuminating 
 
 92 
what might be missing. One way to categorize aims is by whether or not they have both a 
function and an intended central activity. 
Another way to categorize aims is by the functions and central activities that they 
do have. In the next two sections, I will describe categories of functions that were evident 
in the examined curricular systems and some notable categories that were not. Then, in 
Section 5.1.4, I will describe the central activities that were evident in the examined 
systems. 
5.1.2 Functions for School Mathematics Evident in the Examined Curricular Systems 
A variety of functions for school mathematics are evident in the examined 
curricular systems. These functions fall into four broad categories which I will describe 
below:  
5.1.2.1 The Qualification Function 
The first function for school mathematics that I found positions mathematics as 
providing knowledge, skills, or dispositions that facilitates student participation in an 
intended central activity (the qualification function6). Aims that describe a qualification 
function for mathematics suggest that mathematics can enhance students’ knowledge, 
skills, or dispositions in ways that prepare (or “qualify”) them to participate in a central 
activity. One type of qualification function found is that mathematics class can prepare 
students to apply mathematics directly to endeavors in a central activity (the practical 
function). Practical aims are evident in the examined curricular systems in both explicit 
 
6 I draw the name for this function, as well as the assessment function, described in the next 
section, from Kollosche (2018). 
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statements (by teachers and in curricular materials), and implicitly in tasks. One place 
that explicit statements about practical aims occurred is in teacher interviews. For 
example, in discussing the goals of his Big Loans lesson, Mr. Mays says, “the number 
sense and the financial decisions, that's where I finally get to hit that.” He is stating that 
one objective of his lesson is to develop his students’ general sense of the size of numbers 
so that they can apply this knowledge to their financial decision making. Mr. Mays 
statement about investing at the beginning of this chapter is another example of a 
practical aim explicitly stated in a teacher interview. 
Practical aims were also evident in instructional materials and teacher plans. The 
lesson in Achievement First that Ms. Lavalle uses for her Real-Life Applications of 
Systems lesson states a practical aim in three different places; that “Real-world problems 
can be solved by writing and graphing a system of equations” (Achievement First, 
2018b). The lesson is designed to develop students’ ability to use systems of equations to 
solve problems that might occur beyond the classroom. This statement first occurs at the 
beginning of the teacher-facing materials as a stated objective of the lesson. The materials 
also suggest that the teacher post the statement on the board at the beginning of the 
enacted lesson. The materials further suggest that, after a launch task, the teacher elicit 
this statement from students as the central focus of the lesson (what the materials refer to 
as the “big idea”). This same aim is evident in Ms. Lavalle’s plans since she intends to 
use the instructional materials version of this lesson mostly as is. 
Practical aims are also described explicitly in enacted lessons. In Mr. Mays’ Big 
Loans lesson, he states his practical aim at the beginning of the lesson, “our aim for today 
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is to practice taking out a large loan. To see what that looks like, and to see what happens 
when you actually start to pay it back.” His phrase “see what happens when you actually 
start to pay it back” refers to analyses that students will do of the impact of changing 
some variables, such as length of loan and size of payment, on other variables, such as 
total interest paid. He is describing how learning to identify patterns in numbers will help 
his students solve problems in their financial lives.  
Practical aims are not only described explicitly in these lessons. They are also 
evident implicitly in tasks where students engage with mathematical proficiencies in the 
context of a central activity. An example of this occurs in Ms. Lavalle’s Real-Life 
Applications of Systems lesson. In practice problem 5 of the lesson, students are given 
information about a flower business and asked to figure out how many bouquets the 
business will need to sell in order to make a profit (see Figure 17). By having students 
use their system-solving skills to address a problem in a business context, this task 
suggests this ability as a practical aim of the lesson without stating it explicitly.  
 
Figure 17. Practice problem 5 in Ms. Lavalle’s Real-Life Applications of Systems lesson 
(Achievement First, 2018b). 
(Hard Difficulty) 
 
5. Jerome sells flowers for $12 per bouquet through his internet flower site.  Each bouquet costs him $5.70 to make.  
Jerome also paid a one-time fee of $150 for an internet marketing firm to advertise his company.  Approximately 


















6. Why isn’t graphing an effective method of determining what the exact solution to the system above is?  How could 
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In addition to practical aims, another type of qualification aim describes how 
learning mathematics supports the development of cognitive abilities that can be broadly 
beneficial to non-quantitative undertakings (the mental discipline function7). For 
example, in her aims and influences interview, Ms. Lavalle’s states that, “we work 
through many problems just in real life… So, I think teaching them perseverance, even in 
small math problems helps them persevere outside of the classroom as well with other 
problems.” She is explaining that the experience of persevering through challenging 
problems in math will help students learn to persevere in their external lives.  Ms. 
Morgan and Ms. Heath also describe mental discipline aims in their statements at the 
beginning of the chapter. Ms. Morgan describes how perseverance in mathematics can 
lead to perseverance in other domains. Ms. Heath asserts that the work of making 
different mathematical representations prepares students to use different representations 
in studying for other subjects.  
A final kind of qualification function that is evident in the examined curricular 
systems describes the role that learning mathematics can play in developing social skills 
(the socialization function). Ms. Morgan describes one example of the socialization 
function of mathematics class in her aims and influences interview, “I want them to 
understand that the way you present yourself also matters both to your peers and to me. 
And so the idea of if you come in every day and you work hard and you say ‘please’ and 
‘thank you’ and you help your peers, that's going to get you somewhere. And I think, 
again, this generation sometimes misses that… I'm afraid that that's going be a huge 
 
7 I draw the name of this function from Thorndike (1924). 
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detriment to them when they leave this building.” In this statement, she indicates that she 
is using mathematics class to teach her students how to socially interact in productive 
ways so that they will interact well with others even outside of class.  
The most commonly described socialization function for school mathematics is 
mentioned by Ms. Heath in her aims and influences interview, “I think definitely 
collaboration.... Most jobs these days, you're working with someone, whether it's face-to-
face or online or whatever... Just for the students to have the experience of doing that in 
high school… So that they can communicate and say, like, ‘Hey, I know that I need blah 
blah blah to collaborate effectively.’” Ms. Heath’s students engage in group work in her 
classroom. She is stating that this helps them understand how they can best collaborate in 
any situation so that they can advocate for what they need in future. In this way, they can 
be more successful in working with others in their lives beyond class.  
5.1.2.2 The Assessment Function 
The second broad category of functions that I found position mathematics as a 
means for passing tests that provide admission to central activities (the assessment 
function). These aims are evident in explicit statements in interviews and enacted lessons 
as well as in the labeling of some tasks. An example of an assessment aim evident in a 
teacher interview occurs in Mr. Mays’ description of the objective of his lesson on 
finding missing lengths on parallelograms; “This material features heavily on [the state-
mandated standardized test].” He is describing the intended mathematical proficiencies of 
the lesson as preparation for the state test. In his lesson on similar triangles, he makes a 
similar reference in his description of a specific kind of question in a part of his plan; 
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“[standardized test]-style questions like find the sum of x and y.” In his parallelograms 
lesson, Mr. Mays also describes an assessment aim in his framing of a task for the 
students, “[The state test] loves to do these problems.” Lastly, in both of these lessons, 
the textbook labels multiple tasks as examples of either a state test assessment problem or 
an SAT problem with phrases like “SAT problem!” 
5.1.2.3 The Actualization Function 
In addition to suggesting that mathematics enhances students’ skills, knowledge, 
and dispositions, and opens doors to central activities by preparing students for tests, the 
studied curricular systems also suggests that learning mathematics can improve students’ 
moment-to-moment experience of life (the actualization function8). For example, in Mr. 
Mays’ interview about his Big Loans lesson he says,  
And as far as opening doors for math professions, it's cool to see students who are 
really intuitive with things like this. And you can imagine them being, I don't 
know, entering the accountant field or finding their finance or becoming an 
actuary or something. Because you just see how intuitive it is for them to mess 
around with numbers. 
He is suggesting that students who find it very natural to engage in the reasoning 
practices of the lesson may, as a result, consider professions that use this kind or 
reasoning. On the surface, this seems like a practical aim—that the lesson is actually 
preparing students to join mathematics-intensive professions. However, that is not what 
Mr. Mays is suggesting. He is, instead, suggesting that the experience of intuiting 
quantitative reasoning might inspire students to enter mathematics-intensive professions. 
 
8 I draw the name for this function from Maslow’s (1969) well-known hierarchy of needs. It 




I call the inspiration function of mathematics an actualization aim – one oriented toward 
living a full life, not developing specific skills.  
5.1.2.4 The Future Mathematics Function 
A final function of learning mathematics that was evident in the examined 
curricular systems is preparing students for future mathematics that are not connected to 
other aims (the future mathematics function). In some cases, this was explicitly future 
high school math. Mr. Mays describes the complex algebraic manipulation that students 
practice in his similar triangles lesson as helpful for “Algebra 2. That’d be like prep for 
the next year.” In other cases, the future math function is less specific. In his lesson on 
parallelograms, Mr. Mays suggests that the ability to write an equation to solve a problem 
that they are practicing in the lesson will “lead to more exciting and challenging 
problems.” Similarly, Ms. Morgan, in her lesson on adding and subtracting rational 
expressions, states that learning to understand the procedure she is teaching is important 
because “at some point, you're going to hit a breaking point with the math, and if you 
can't fall back on the why, it all falls apart.” In both cases they are indicating that a 
mathematical proficiency will be important for math students will learn or do later, but 
they are not clear as to whether they mean later classes in high school, college, or other 
math in their students’ future. In all of these cases they are not referring to specific 
mathematical proficiencies nor are they clearly referring to the discipline of mathematics. 
Thus, this category is separated from the others. 
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5.1.3 Functions for School Mathematics not Evident in the Examined Curricular Systems 
Some aims found in research and policy literatures were not evident in the 
examined lessons despite a joint effort of teachers and researcher to include as broad a 
range of aims as possible in the lessons observed. One category of aims that is poorly 
represented in these lessons is actualization aims. Specifically, there was no evidence of 
aims that included the pure mathematical function of school mathematics (e.g., 
demonstrate the beauty of mathematics, expand knowledge of the discipline of 
mathematics) (NCTM, 2000; Sinclair, 2001; Usiskin, 1980), nor of any aims concerning 
the intellectual interpretive function of mathematics (to stimulate and satisfy student 
curiosity about the natural or social world) (González & Herbst, 2006). There was also no 
evidence of any effort to influence students’ participation in society as a citizen of a 
democracy; either as an informed voter or as an agent of social change (Geiger et al., 
2015; Gutierrez, 2009; Gutstein, 2006; NCTM, 2000). 
5.1.4 Intended Central Activities Evident in the Examined Curricular Systems 
In addition to identifying a function of school mathematics, most aims described 
in the data also identify a central activity for which school mathematics serves a function. 
A variety of central activities are evident in the data, many of which are very specific. For 
example, the practical application of mathematics in Mr. Mays’ Big Loans lesson is set in 
a personal financial decision-making context. Mr. Mays initially makes this clear in his 
description of his aims for the lesson, “the number sense and the financial decisions, 
that's where I finally get to hit that.” He also refers to personal financial decision making 
in discussing the implications of the solutions of the tasks with students, “Playing around 
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with websites like this is what you should do before you make a big purchase. So you 
know that you are making it responsibly in a way that you can pay off.” He is urging 
students to use the pattern-finding and quantitative reasoning skills that they practiced in 
the tasks that day to research financial decision they might make in the future. 
Another specific central activity that is evident in practical aims in these lessons is 
business decision making. A number of the tasks in Ms. Lavalle’s Real-Life Applications 
of Systems lesson, such as the flower shop question described earlier, are set in a 
business context. Ms. Lavalle’s lesson also has a task set in a school club context 
(described in section 5.2.1.2.2) and a task set in a personal finance context (described in 
section 5.2.1.2.3). 
Aims set in less specific central activities are also found in practical aims in these 
lessons. For example, in discussing the goals of her Graphing Exponential Functions 
lesson, Ms. Lavalle describes the practical value of understanding exponential functions 
as “beneficial for [students] outside of class.” She is not citing a specific activity but 
simply suggesting that it will be helpful in general beyond the classroom. Similarly, Mr. 
Mays describes the benefit of the mathematical practices developed in his Parallelograms 
lesson as applicable to “daily life.”  
In the curricular systems examined, mental discipline aims were often set in 
similarly general contexts. For example, Ms. Lavalle’s reference to mental discipline 
problem solving, to which I referred in Section 5.1.2.1, is described as beneficial “outside 
the classroom.” Similarly, Ms. Morgan’s reference to mental discipline perseverance, 
described in the same section, is described as applicable “way beyond college, even your 
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career, but just life as a whole.”  
Assessment aims are also often associated with general central activities. For 
example, Mr. Mays describes success on the state-mandated standardized test as 
important because he wants “every single student set up to graduate with a Massachusetts 
high school degree.” Graduating high school opens up one’s vocational and educational 
possibilities rather than preparing students for something specific.  
In some cases, the central activity of an aim is not specified at all. For example, in 
Mr. Mays’ Similar Triangles lesson, a few tasks demonstrate how students can use 
similarity to measure inaccessible dimensions of objects. In the launch task, students are 
shown how to use mirrors on the ground to set up similar triangles that enable them to 
calculate the height of a very tall Paul Revere statue in Boston. While the context is 
specific, the central activity is not. We don’t know why the height of the statue is needed. 
Is this part of a job, or is it assuming that the subject of the task is just curious? Similarly, 
when the function of preparing students for future math is evident in these systems 
without referring to the discipline of mathematics, it is generally without a central 
activity. For example, when Mr. Mays describes complex algebraic manipulation as 
helpful for Algebra 2, he does not indicate any central activity beyond classroom learning 
that these algebraic skills can be applied to.  
Thus, a wide range of central activities of aims were identified in these lessons. 
These central activities can be categorized by their specificity. Some central activities, 
such as decision making in personal and business contexts are described in detail 
(specific). Other central activities, such as daily life, or life outside of the classroom are 
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described in broader terms (general). A third group of aims, such as future mathematics, 
do not mention a central activity beyond school mathematics at all (unspecified). 
5.1.5 Summary 
Thus, aims for school mathematics can be described and categorized by their 
functions and central activities. This framework is a two-dimensional construct in which 
aims are characterized by both aspects (see Table 4). Although not all aims refer to a 
central activity, the idea of a central activity is important enough to understanding an aim 
that when it is absent, it is noted.  
Table 4  
 
A two-dimensional framework for describing and characterizing aims for school 
mathematics. Aspects of aims are labeled. A particular aim would fit in one empty cell on 
the table. 
 







(e.g., outside of 
class, daily life) 
Unspecified 
Qualification    
 Practical ______ ______ ______ 
 Mental Discipline ______ ______ ______ 
 Socialization ______ ______ ______ 
Assessment ______ ______ ______ 
Actualization ______ ______ ______ 
Future Math    
 
5.2 Connections Between Intended Mathematical Proficiencies and Aims 
Having established a framework for describing and characterizing aims, I am now 
able to step back and examine an important part of how aims permeate curricular systems 
— how they are connected to intended mathematical proficiencies. As noted earlier in 
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this chapter, this is a bidirectional relationship in which the nature of an aim determines 
which intended mathematical proficiencies are chosen to support it and student mastery 
of the intended mathematical proficiencies supports the achievement of the aim. I found 
two ways that these connections can be characterized: by their clarity and by their 
conditionality. I will describe the clarity characterization in Section 5.2.1 and the 
conditionality characterization in Section 5.2.2. 
5.2.1 Clarity of Connections Between Intended Mathematical Proficiencies and Aims 
It is easy to assert that an intended mathematical proficiency supports an aim. For 
example, I could claim that if one understands linear functions, one will be happier. 
However, simply asserting the connection does not make it clear how linear functions 
will make a person happier. In this section, I describe the clarity of connections between 
intended mathematical proficiencies and aims. I found three elements of clarity of these 
connections: the specificity of the intended central activity (Section 5.2.1.1), the 
authenticity of tasks (Section 5.2.1.2), and the transparency of the function (5.2.1.3). 
5.2.1.1 Specificity of Intended Central Activity 
As noted above, if I assert, without elaboration, that learning about linear 
functions will make you happier, the connection between linear functions and happiness 
is not very clear. One reason for this lack of clarity is the lack of specificity of the central 
activity. Because being happy is a very general central activity, it is hard to imagine how 
linear functions influences it. One way to illustrate the value of learning linear functions 
more clearly would be to connect it to a more specific central activity in which the use of 
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linear functions is either more self-evident or can be described more specifically.  
In Mr. Mays’ Parallelograms lesson, he asserts a connection with a general central 
activity. One of the intended mathematical proficiencies that he states for the lesson is for 
students to develop their ability to look for and make use of structure as they apply the 
properties of parallelograms to solve problems. Mr. Mays suggests that this skill will help 
them in their “day-to-day lives.” Without a more specific central activity, it is difficult to 
picture how looking for and making use of structure connects to students’ lives beyond 
the classroom. Similarly, in Ms. Lavalle’s Graphing Exponential Functions lesson, she 
suggests that understanding exponential functions is useful “outside of class.” Although it 
is not hard to imagine how understanding exponential functions might be useful, without 
a more specific central activity, there is no way to know what applications are indicated 
by Ms. Lavalle’s statement. Furthermore, if one does not understand what an exponential 
function is, then one cannot imagine any application without more specificity. 
In contrast, when the central activity of an aim is specific, the connection between 
the intended mathematical proficiency and the aim is easier to understand. For example, 
in Ms. Heath’s statement at the beginning of this chapter she describes how experience 
with different representations could help students find multiple ways to study vocabulary. 
The specificity of the central activity makes it easy to picture how the mathematical 
proficiency supports the aim. 
Another example of a specific central activity occurs in Mr. Mays’ Big Loans 
lesson. In the main task of the lesson, students choose a couple of cars or houses that they 
would be interested in buying and then investigate terms of loans they could take out for 
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the purchase. They then determine the impact of credit scores and loan lengths on total 
interest and monthly payments. In this lesson students engage in a variety of 
mathematical practices such as looking for and expressing regularity in regular reasoning 
and checking the reasonableness of their answers. The connection of these practices to 
the aim of practically applying mathematics to personal finance is clarified by the fact 
that they are applying them in the task to a very specific central activity.  
5.2.1.2 Authenticity of Tasks 
In the previous section I described how the specificality of the central activity of 
an aim can help clarify the connection between an aim and the mathematical 
proficiencies that are described as supporting it. One of the reasons that the central 
activity of Mr. May’s Parallelogram lesson and Ms. Lavelle’s Graphing Exponential 
Functions lesson were so general is that there were no contextual problems in the lesson 
to suggest a more specific central activity. This contrasts with Mr. May’s Big Loans 
lesson in which the main task of the lesson illustrates a specific central activity. In this 
section I expand upon this point to investigate how contextual tasks can clarify, or 
sometimes obscure, the connection between intended mathematical proficiencies and an 
aim.   
5.2.1.2.1 Authentic Tasks 
One important reason why the task in Mr. May’s Big Loan lesson is successful in 
clarifying the connection between mathematical practices and the aim of practically 
applying mathematics to personal finance is that the task accurately reflects how the 
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mathematical proficiencies would function in the central activity. This can be recognized 
by identifying how close the tools, goals, and rules of the task are to what students could 
experience in their personal financial lives as an adult (i.e., its authenticity).  The tools 
available to students in this task are authentic. In researching the terms of loans for their 
car or house purchase, students are given likely interest rates for various levels of credit 
and asked to use an online mortgage calculator to find the monthly payment and total 
interest for loans of a variety of durations for people with poor, average, and excellent 
credit scores. These are real objects for purchase and their cost, actual interest rates, and 
publicly available online mortgage calculators. The goal of the activity is also authentic. 
It is to understand the impact on personal finances of choices that students might make 
(e.g., how carefully to tend to their credit, the duration of their loan, the extravagance of 
their purchase.) Finally, the rules are authentic in that no extraneous limitations are 
imposed on their work. They can decipher the patterns in any way they choose. If they 
become interested in other aspects of this topic, such as the impact of a larger down 
payment or larger monthly payments, they are free to pursue these questions. Because the 
tools, goals, and rules of this task all reflect the complexity of life beyond the classroom, 
I refer to it as authentic9.  
It is possible to have a non-contextual task that is authentic. A task explicitly 
labeled as a standardized test problem fits into this category. This occurs in Ms. Lavalle’s 
 
9 I draw on Csikos and Verschaffel (2011) for the names that I use to identify the levels of 
authenticity of contextualized tasks: authentic, realistic and pseudo-realistic. For tasks that are 
not in a context I use the term non-contextual rather than their chosen term, bare, because bare 
has an implication of simplicity that does not reflect many non-contextual tasks. 
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Solving Systems Using Substitution lesson. One of the practice problems in the textbook 
lesson is labeled as an “SAT problem!” and another is labeled as a “Regent Problem!”, 
referring to the mandated standardized test in the state of New York. I categorize these as 
authentic since they appear to reflect exactly how the mathematical proficiencies function 
on the named test. 
5.2.1.2.2 Realistic Tasks 
Many of the contextual tasks in this study were less authentic than those in Mr. 
Mays’ Big Loans lesson but still accurately reflected many aspects of life beyond the 
classroom. For example, Ms. Lavalle’s Real Life Applications of Systems lesson contains 
multiple tasks in a business context that have goals, tools and rules that mostly resemble 
life beyond the classroom but are a bit more constrained than Mr. Mays’ Big Loans 
lesson tasks. For example, one task describes a girl, Julie, running a lemonade stand. It 
provides information about her cost-per-cup, her initial cost for art supplies, and her 
selling price. It then askes students to calculate how many cups she needs to sell to make 
a profit. The goal of this task, to determine how many sales are required for profit, is 
authentic. The information provided is also authentic although the provision of all the 
needed information is less authentic than Mr. Mays’s loan tasks where students 
researched much of the information needed for the task. Additionally, there are not 
extraneous rules constraining how students are to solve the problem, although given that 
the lesson is about using systems there is an expected procedure. This task, thus, provides 
a clear vison for how solving a system of equations can be helpful in the central activity 
of business decision making even if the task is not exactly like business decision making 
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in real life. I refer to tasks, such as this, that are somewhat simplified but still might 
reasonably be expected to occur outside the classroom as realistic.  
Realistic tasks are not confined to business contexts. In this same lesson, a similar 
task is set in a school club context in which students are provided initial condition and 
rate-of-change information about website visits for two different clubs and asked to 
determine how long it will take the number of visits to one site to overtake the other. Mr. 
Mays also has some realistic tasks in his Similar Triangles lesson. In these tasks, students 
use easily measurable lengths to find lengths that are less accessible. For example, in 
practice problem 2 of the lesson, students are introduced to Arnold who wants to find the 
width of a lake. They are given a set of land measurements that they can use to find the 
width of the lake (see Figure 18). Although the tools provided are not completely 
authentic, they are given all the measurements they need and only the measurements they 
need, the rules and goals of this task are realistic. Even though this task and others at a 
similar level of realism are not as authentic as the task in Mr. Mays’ big loans lesson, 
these are tasks that one could reasonably expect to do outside of the classroom and thus 





Figure 18. Practice problem 2 from Mr. Mays’ lesson on finding missing lengths on 
similar triangles (Achievement First, 2018d).  
5.2.1.2.3 Pseudo-Realistic Tasks 
There are also contextual tasks in these lessons that are not authentic at all. They 
ask questions, provide tools, or establish rules that would not reasonably be expected 
outside of the classroom. These tasks appear to be structured to help students use their 
knowledge of the world to advance their understanding of mathematical concepts rather 
than give students practice applying mathematical concepts to their lives beyond the 
classroom. I refer to these tasks as pseudo-realistic. For example, in Mr. Mays’ lesson on 
finding missing lengths on similar triangles, practice problem 7 asks students to help find 
the length of a log needed to build a bridge between two creeks (see Figure 19). While 
the rules and tools are reasonably authentic, the goal of the task is not. It is unclear why 
someone who could measure the four distances given in the diagram would not just 
measure the distance between the two creeks. Although this task may help clarify a bit 
about how similar triangles might be useful beyond the classroom, its unrealistic nature 
may send a different message. If this is the task that is chosen as a “real life” example, 
maybe there are no examples that are more realistic and using similar triangles to find 














2. To measure the distance across a lake, Arnold makes the measurements indicated below. Use Arnold’s 





















Figure 19. Practice problem 7 from Mr. Mays’ lesson on finding missing lengths on 
similar triangles (Achievement First, 2018d). 
Other tasks in the study were pseudo-realistic due to the tools provided. For 
example, the launch task in Ms. Lavalle’s lesson on solving problems using systems of 
equations provides unrealistic information. It provides students with cost information 
about two movie streaming services and asks students to determine how many movies a 
girl would have to download to make the cost of the services the same (see Figure 20). 
The cost information of one of the companies is given as a function – this would not 
happen in most students’ lives. This task also has an inauthentic goal; it asks students to 
find when the costs would be the same. If someone were using this information in a 
personal financial context, they would ask “which is cheaper?” Again, as a pseudo-
realistic task, this task potentially sends a message that solving systems of equations is 
not applicable to making personal financial decisions. 
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6. Two creeks flow through a forest. Myles is trying to build a log bridge that will join the two 
creeks, as shown in the diagram at right. He makes several measurements of the surrounding 
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Figure 20. The launch task in Ms. Lavalle’s lesson on solving real world problems with 
linear systems. 
Ms. Lavalle’s lesson on solving real world problems using systems of equations 
also contains a task with inauthentic rules. The problem describes a science Olympiad 
where students are racing homemade cars (see Figure 21). The problem provides distance 
and time information and asks students to create and graph a system of equations in order 
to find when one car will overtake the other. This rule, that students use a particular 
procedure to solve the problem, makes sense in the context of a lesson on systems of 
equations, but it does not reflect what would happen outside of the classroom. This task 
also has inauthentic tools and goals. The tools are inauthentic in that it is unlikely that 
students would have precise distance and time data for their cars. The goal is inauthentic 
in that it is unclear why they would want to calculate exactly when one car passes 




Figure 21. Practice problem 2 in Ms. Lavalle’s lesson on solving real world problems 
with linear systems. 
5.2.1.3 Transparency of the Function 
A third element of the clarity of connections between intended mathematical 
proficiencies and aims is specific to assessment aims. This element is related to 
assessment aims’ focus on increasing students’ access to participating in central activities 
rather than helping students increase the quality of their participation in activities once 
they are involved. In other words, connections between intended mathematical 
proficiencies and assessment aims are focused on the exchange value of the mathematical 
proficiency rather than its use value. 
Because it only gets students to a central activity, as opposed to making them 
better at participating, connections between an intended mathematical proficiency and the 
central activities of assessment aims can be very limited. That connection can be clarified 
if there is information about whether the intended mathematical proficiency has use value 
in the central activity as well. I call the extent to which a connection between an intended 
mathematical proficiency and an assessment aims provides information about the use 
value of the proficiency in the central activity of the aim the transparency of the 
connection. I use the word transparency because this characteristic describes the extent to 




For example, in discussing her Graphing Exponential Functions lesson, Ms. 
Lavalle describes an assessment aim by saying, “I am curious to look at even state 
assessments. Do they have to graph, or do they just have to be able to analyze [the 
graphs]? And if so, my thinking would be, I don't even know, I would take away the 
whole graphing piece and just provide them with the graph and ask about the 
connections.” One part of this assessment aim, graphing exponential functions by hand, is 
clearly opaque. She does not see any other purpose for the mathematical proficiency 
aside from preparing students for the test. If it is not on the test, she is not going to teach 
it. However, the other part of this assessment aim, analyzing exponential functions, is 
more transparent because, in another part of the interview, she provides another 
justification for teaching it “When we connect it to modeling that will be beneficial for 
them outside of class.” In suggesting that analyzing exponential functions will help them 
with modeling work outside of class she is providing a possible reason why this skill is 
on the test, thus making the assessment aim more transparent. 
An example of a more-opaque assessment aim occurs in Mr. Mays’ Parallelogram 
lesson. Mr. Mays states that “this material features heavily on [the state-mandated 
standardized test].” This is a very clear connection between intended mathematical 
proficiencies that are evident in the lesson such as “know the diagonals of a 
parallelogram bisect each other” and the gateway function of the assessment aim – 
students need to know this to pass the test and graduate. However, it is not at all clear 
how knowing that the diagonals of a parallelogram bisect each other helps students 
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successfully participate in the jobs that are made available to them by the act of 
graduation.  
5.2.2 Conditionality of Connections Between Intended Mathematical Proficiencies and 
Aims 
In addition to finding variety in the clarity of connections, I also found variety in 
the confidence that teachers displayed in connections evident in their lesson. I call this 
characteristic the conditionality of the connection. Subjects in the study generally 
describe the connections between proficiencies and aims in their lessons confidently 
(which I refer to as unconditional connections). For example, in interviews, teachers 
make some very clear assertions about these connections. In the previous section, I 
describe how Ms. Lavalle confidently states the importance of understanding exponential 
functions for life beyond the classroom. While she is not specific about the benefits of 
understanding exponential functions to students lives outside of class, she is clear that 
they do exist. Similarly, Mr. Mays connects some of the mathematical practices that he 
develops in his Parallelograms lesson to life outside of the classroom, “it goes back to 
those soft skills that we were talking about. I think the important bit is not the 
parallelograms, which you rarely see in your daily life…. It's more of students being able 
to see structure and see patterns and then apply it.” Like Ms. Lavalle, Mr. Mays does not 
cite specifics, but he is clear that seeing mathematical structures and patterns will help 
students in their day-to-day lives. 
Unconditional connections are also evident in the written curriculum. As 
described earlier in Ms. Lavalle’s Real-Life Applications of Systems lesson, the idea that 
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solving systems of equations can be practically applied to problems outside the classroom 
was repeatedly stated in the textbook through the phrase, “Real-world problems can be 
solved by writing and graphing a system of equations.” This phrase appears in the lesson 
overview for the teacher as the as a “big idea” of the lesson, as a goal to be posted in the 
classroom, and as a statement to be elicited from students in a class discussion.  
Connections between aims and proficiencies are not always unconditional. Ms. 
Lavalle, in particular, is not always confident about the connections that she describes. In 
discussing the object of the same lesson in which the textbook unconditionally states that 
systems of equations help solve real life problems, Ms. Lavalle is less sure. The first 
object that she describes for the lesson is a proficiency – mathematical problem solving. 
She then describes the textbook’s object, but much more tentatively, “Also, maybe the 
modeling piece too, given like a real-world situation.” Her “maybe” is an important 
qualification. She is not confident that the work done in this lesson will actually help her 
students use mathematics to model problems in their lives outside of the classroom. I 
refer to this as a tentative connection. 
Ms. Lavalle’s tentative statement about modeling is consistent with statements 
she makes in initial interviews where she is unsure of the practical value of her class. 
While she states that she wants her students to be able to use math outside of class, she 
has trouble thinking of examples from her class where this might be the case, “I'm not 
sure if that's one of my strongest things yet, is being able to show them how they can use 
this outside.” She is confident about the broader aim but struggles to connect it to the 
intended proficiencies in her class. 
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Another example of a tentative connection between mathematical proficiencies 
and aims is Ms. Lavalle’s questioning about the object of her Graphing Exponential 
Functions lesson. While Ms. Lavalle confidently states that understanding exponential 
functions is helpful outside of school (as quoted earlier in this section), she can only 
tentatively connect the narrower mathematical proficiency taught in the lesson, graphing 
exponential functions by hand, with this aim. She initially asserts the connection 
confidently in her discussion of how graphing by hand may help students understand 
exponential growth. In response to the question, “what do you think the graphing adds?”, 
she responds,” I mean, just understanding this constant ratio.” However, later in the 
interview as she reflects on the difficulty her students had with the mechanics of 
graphing, she starts to question whether the lesson was worth the trouble, “But do they 
need to know or have to know how to graph this? Is that helping them in any way?... I 
think our thinking when we included it was that it might help them make those 
connections between the ratio and the y-intercept… I'm trying to even think back to… I 
don’t know.” On reflection, she is less sure of the importance of graphing by hand to her 
students’ developing understanding of exponential growth and thus the aim of modeling. 
In her doubt, she also tentatively explores the possible connection of graphing by hand to 
the aim of doing well on the state-mandated standardized test (see quote in Section 
5.2.1.3). Originally, Ms. Lavalle felt the mathematical proficiency of graphing 
exponential functions by hand was important, however, on reflection, she can only make 




Thus, the framework for aims in Section 5.1 provides a helpful foundation for 
understanding how intended mathematical proficiencies can support aims in curriculum 
(as summarized in Table 5). A more specific central activity can clarify the connection 
between intended mathematical proficiencies and aims. An authentic or realistic task can 
also clarify this connection by providing a clear example of how a mathematical 
proficiency functions in a central activity. A pseudo-realistic task, on the other hand, can 
obscure the connection by sending the message that there are no authentic ways for a 
mathematical proficiency to function in a particular central activity, or possibly in any 
activity beyond the classroom. Finally, pseudo-realistic tasks are not the only way that 
connections between intended mathematical proficiencies and aims can be weakened. 
Assessments aims can be opaque, and sometime teachers themselves are unsure of 
connections between intended mathematical proficiencies and aims and state the 





Characteristics of connections between intended mathematical proficiencies and aims 
 
Characteristics Examples Notes 
Clarity of connection   






 Authenticity of tasks Authentic, realistic, 
pseudo-realistic 
Only applies to 
connections implicit in 
tasks 
 




Conditionality of connection Unconditional, tentative  
 
5.3 Conclusion 
The framework for describing and categorizing aims presented in Section 5.1 and 
the characteristics of connections between intended mathematical proficiencies and aims 
presented in Section 5.2 are initial steps in understanding how aims permeate curricular 
systems. In taking these steps, these findings begin to suggest some reasons why aims 
might not be accomplished. If connections between mathematical proficiencies and aims 
are not clear due to consistently general central activities, or opaque assessment 
functions. Or if connections are obscured by pseudo-realistic tasks, then it may be that 
aims are not playing a strong role in the curricular system. Furthermore, if connections 
are clear but tentative then, again, aims may not be at the center of the curricular system.  
In Chapter 6, I continue this investigation by examining how these factors 
contribute to the role of aims within an entire stage of curriculum. Then, in Chapter 7, I 
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zoom out further to examine the role of aims across stages of curriculum in order to 




 CHAPTER SIX: CHARACTERIZING THE EXTENT TO WHICH AND HOW 
AIMS PERMEATE A STAGE OF CURRICULUM 
This dissertation seeks to increase understanding for why the United States 
system of mathematics education is not achieving many of its aims by investigating the 
role of aims in curricular systems. It does this by analyzing the instructional materials, 
teacher plans, enactments, and student reflections of ten lessons taught by four teachers in 
two schools.  
In the first set of findings from this investigation, Chapter 5 constructed a 
framework for describing and categorizing aims (addressing Research Question 1, How 
can aims for school mathematics be described and characterized?). It also suggested 
some initial reasons why aims might not be accomplished by characterizing the 
connections between aims and intended mathematical proficiencies (beginning to address 
Research Question 2, To what extent and how do aims permeate the selected curricular 
systems?). It found that these connections may not always be clear and can be tentative. 
The current chapter will build on the work of Chapter 5 by investigating how these and 
other factors combine to determine how aims permeate a stage of curriculum. In Chapter 
7, the work of both Chapter 5 and Chapter 6 will be extended to support an exploration of 
how aims permeate across stages of curriculum. 
A fundamental idea on which this dissertation is based is that curricular systems 
have multiple stages through which curriculum passes as it is transformed from the 
intentions of policy makers, curriculum developers, and teachers through a teacher plan 
into an enacted lesson that leads to student outcomes (Remillard & Heck, 2014). This 
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chapter investigates how aims permeate a single stage of this system. I chose to focus on 
the teacher planned curriculum (see Figure 22) because it is under the exclusive control 
of the teachers whose perspective I have the most access to through interviews and by 
observing enactments.  
 
Figure 22. Stages and transformations of school mathematics curriculum. Adapted from 
Remillard and Heck (2014), with the stage of focus of this chapter shaded. 
In order to describe the relationship between the mathematics that unfolds in the 
lesson and the educational objectives that motivate it, I draw on activity theory (see 
Chapter 3 for a lengthy elaboration of this theory and how it can be connected with the 
stages of curriculum). The teacher-planning stage of curriculum can be conceptualized as 
an activity (see Figure 23). The subject of the activity is the teacher. The object of the 
activity is both the teacher-planned curriculum (i.e., a teacher plan with any teacher-
created lesson materials), and the educational objectives of the lesson (i.e., aims and/or 
intended mathematical proficiencies). The aspects of the activity that are analyzed in this 
chapter are those that are evident in the teacher plan. The instruments of the activity that 
are evident in the teacher-plan are the tasks, discussions, exposition, and other curricular 
elements that the teacher uses to accomplish the educational objective of the lesson. The 
actions of the activity that are evident in the teacher plan are the sequential parts of the 
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lesson in which one of the instruments (e.g., a task) is employed to help students master a 
mathematical proficiency. Thus, the permeation of aims in a stage of curriculum is 
illustrated by these connections between instruments, goals, and the object of the teacher-
planned curriculum. This can be visualized as the shaded region in Figure 23. The aims 
project backward onto the goals and instruments by influencing which goals and 
instruments are chosen for the lesson and the goals and instruments project forward onto 
the aims by changing students in ways that accomplish the aims. 
 
Figure 23. The activity of teacher planning with the curriculum of the teacher plan 
shaded.  
The challenge of this chapter is to find a way to describe this permeation so that 
different types of permeation in different lessons can be compared. In order to facilitate 
the comparison of aims permeation between stages of different lessons, I generated visual 
representation of the connections between the instruments, goals, and object of the 
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teacher-planned curriculum of each analyzed lesson. I present a generic diagram in 
Figure 24. The instruments, on the right side of the diagram, are connected by a line to 
any intended mathematical proficiencies that they support. The proficiencies, in the 
center, are connected to any aims that they support. All of these connections are 
bidirectional: When one element supports another that means it was chosen based on 
characteristics of the element it supports.  
 
Figure 24. A generic aims permeation diagram with elements of the object of the lesson 
shaded. 
I used these diagrams to discover two characteristics of how aims permeate a 
stage of curriculum and figured out how to use these characteristics along with the 
characteristics of connections presented in Chapter 5 to succinctly describe and compare 
how aims collectively permeate a stage of curriculum. I describe the two characteristics 

























characteristics, I describe a lesson in detail and then explain how these two characteristics 
manifest in the lesson. In the second section (6.2) I use additional lessons, but with less 
detail, to show how these characteristics along with those from Chapter 5 combine to 
describe the variety of ways that aims can collectively permeate a stage of curriculum. In 
the final section (6.3), I broaden the focus to all of the examined teacher-planned lessons 
to identify characteristics of lessons that appear to influence how aims permeate and draw 
some broad conclusions about which aims permeate these lessons in the identified ways. 
6.1 Characterizing the Permeation of Individual Aims in a Stage of Curriculum: 
The Example of Mr. Mays’ Lesson on Big Loans 
In order to illustrate how individual aims can permeate the planned stage of a 
lesson, I present my analysis of Mr. Mays’ Big Loans lesson. I will first describe the 
sequence of instruments evident in the lesson (Section 6.1.1) and will then describe the 
educational objectives in the lesson and how they are connected to the instruments and 
each other (Section 6.1.2).  
6.1.1 The Sequence of Instruments in Mr. Mays’ Plan for the Lesson 
In order to ensure that students have multiple positive classroom experiences with 
each course, Harris Charter School encourages its teachers to set aside one lesson a 
month to be especially engaging and relevant to students. According to Mr. Mays, the 
content of these lessons does not have to connect to the regular curriculum of the class. 
Mr. Mays planned his Big Loan lesson to be one such lesson. 
Mr. Mays’ Big Loans lesson is a single-period activity in which students choose a 
hypothetical large purchase (either a car or a house) and investigate the financial impact 
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of different possible terms of loans. Six instruments are evident in Mr. Mays’s plan for 
the lesson (see Table 6). I will describe each instrument, explain how I categorized it and 
why, and identify the unique name that I have given it.  
Table 6 
 
Instruments Evident in Mr. Mays’ Big Loans lesson in the sequence they appear in the 
lesson 
 
 Category Unique Name 
1 Class discussion Introductory discussion 
2 Written exposition Handout introduction 
3 Authentic task Item selection 
4 Authentic task Data collection 
5 Authentic task Data analysis 
6 Class discussion Mortgage calculator support 
Mr. Mays describes the first instrument that he plans to use in the lesson in the 
pre-observation interview, “I just ask them, ‘What are the big loans that people take out 
in their lives?’ and they usually come up with the big four which would be student, auto, 
mortgage and personal.” He plans opens the lesson with a class discussion that elicits 
background information about the context of the lesson – the big loans that adults tend to 
take out. I identify this instrument as the introductory discussion.  
Mr. Mays describes the next series of instruments in the pre-observation interview 
but also illustrates them with a handout. He describes them verbally by stating,  
The first 15-20 minutes… they're actually going out on the websites and finding 
cars that they like and finding houses that they like, and then the last 30 to 40 
minutes or so are meant to get into the data and really analyze it. 
Here, Mr. Mays is condensing much of the lesson into two segments: research and 
then data analysis. However, the handout (see Figure 25) provides detail that suggests 




Figure 25. The house-buying version of the handout in Mr. Mays’ lesson on big loans.  
Note: This handout has been reformatted and lightly edited for brevity. 
 
So you’ve decided to buy a house! Here is some useful information: 
● Most house loans (mortgages) last for thirty years! 
● The interest rate (APR) you get depends on your credit. Below are average rates 
for houses: 
○ Excellent Credit: APR = 3.4% 
○ Good Credit: APR = 3.6% 
○ Average Credit: APR = 4.0% 
○ Poor Credit: APR = 5.0% 
 
1. Go to Zillow.com and find two different houses that you like and enter their prices below. 
Try to find houses that are pretty different in cost. 
 
2. Now head over to https://www.bankrate.com/calculators/mortgages/loan-
calculator.aspxhttps://www.bankrate.com/calculators/mortgages/loan-calculator.aspx, 
which is another wonderful website that will help you calculate important information.  
 
3. How much will your monthly payment be for each house if: you have average credit and 
pay it off over 30 years? 
 
4. How much interest will you pay in total for each house in the scenario above? 
 
5. How much will your monthly payment be for each house if: you have excellent credit and 
pay it off over 30 years? 
 
6. How much interest will you pay in total for each house in the scenario above? 
 
7. How much will your monthly payment be for each house if: you have excellent credit and 
pay it off over 20 years? 
 
8. How much interest will you pay in total for each house in the scenario above? 
 
9. How much will your monthly payment be for each house if: you have poor credit and pay 
it off over 20 years? 
 
10. How much interest will you pay in total for each house in the scenario above? 
 
11. What did you learn from your answers to the questions on this worksheet? You can also 
mess around with the loan calculator website and tell me what you learned. I think the 
Amortization Schedule and the Apply Extra Payments ones are interesting. 
  
12. Bonus points if you paste some pictures of the houses you chose! 
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The first of the instruments on the handout is the written exposition at the top. I 
categorize this as a separate instrument from the other parts of the lesson because this is 
the only place where students receive information instead of participating in a discussion, 
researching information, or analyzing data. I identify this instrument as the handout 
introduction.  
The second instrument evident on the handout is #1, a task which I call item 
selection, in which students find two items and identify their prices. I separate this from 
the subsequent data collection because Mr. Mays describes it in the statement above as a 
distinct 15- to 20-minute activity and because it has a dimension of personal expression 
that the other data collection does not. 
 The next instrument that I identify on the handout encompasses #2-10, a task I 
call data collection. In this task students use an online mortgage or car loan calculator to 
find the monthly payment and total interest for loans of a variety of durations for people 
with poor, average, and excellent credit scores. I identify all of this work as one task 
because it is all preparation for the analysis in #11, rather than distinct thinking exercises. 
During data collection, Mr. Mays plans to interrupt student work,  
At some point I expect to have to bring everybody back together just to give some 
feedback to the whole group on how to interact with the websites, the loan 
calculators. Because again, I think it's so far away from you your personal 
experience at that age. 
He is anticipating that they will need help with the technology and plans a whole-class 
conversation in which he provides this support. I classify this interruption as a separate 
instrument because he plans to shift from independent work to a class discussion. I 
identify this class discussion as mortgage calculator support.   
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The final instrument that I identify in the lesson is #11, a task asking students 
what they noticed in their data collection. I identify this task as data analysis because I 
interpret this as the part of the lesson Mr. Mays is referring to when he says, “get into the 
data and really analyze it.”  I do not identify #12 as a separate instrument because it is 
optional.  
I categorize all of the tasks in this lesson as authentic in a personal finance 
context. I categorize them this way because they have authentic goals, and tools and Mr. 
Mays imposes no rules on the work. The goals are to find real world information that 
reflects possible future personal choices and to investigate the kinds of complex 
quantitative questions about that information that financially savvy adults actually ask in 
their daily lives. The tools are the websites that students will actually use in the future to 
support these kinds of decisions.  
6.1.2 Evident Educational Objectives and Connections in Mr. Mays’ Plan for the Lesson 
Mr. Mays describes his intended mathematical proficiencies and non-
mathematical goals for the lesson in his pre-observation interview. Below I present 
excerpts from this interview organized by the proficiency or non-mathematical goal that 
is described in the excerpt. Following each excerpt, I analyze the excerpt for the evident 
proficiency or non-mathematical goal. In this analysis I also draw on other relevant data 
to identify the instruments and aims that are connected to the proficiency or goal 
described in the excerpt. The relevant data includes other parts of the pre-observation 
interview, the lesson handout, and Mr. Mays’ initial interviews. At the end of each 
section, I provide an aims permeation diagram to illustrate the connections described in 
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the section.  
6.1.2.1 Understand Credit Scores and Interest 
That's something that these students had asked for in a survey that I had done, 
they had asked to learn about credit and interest. 
In this excerpt, Mr. Mays is stating that he initially constructed this lesson with 
two non-mathematical goals in mind: understand credit and understand interest. He 
chose these goals because the students had expressed an interest in them. These goals are 
connected to almost every instrument. The introductory discussion is a broad 
conversation about loans in which credit scores and interest are likely to arise, the 
handout introduction lists credit score and interest information, that data collected and 
analyzed has credit score and interest information in it, and the interest rates that they are 
typing into the mortgage calculator are determined by credit scores. The only instrument 
that is not connected to either of these goals is item selection. In item selection they only 
gather cost information, not loan information so there is no credit score or interest 
information involved. These goals are clearly connected to personal finance as they are 




Figure 26. Aims permeation diagram for the non-mathematical goals, understand credit 
scores and understand interest. 
6.1.2.2 Computer Skills 
I will say that I do think that it, in an indirect way, ties into… passing [The state 
mandated standardized test] because I think that any time you can get our 
students, our population in particular, on computers is a good thing. These are the 
computers they'll take [the test] with. And many students need a lot more help 
navigating basic features of a computer than one might think…. 
In this excerpt, Mr. Mays describes the non-mathematical goal of enhancing 
students’ computer skills and its connection to the assessment aim of success on the state 
mandated standardized test (illustrated on Figure 27). He believes that the computer work 
in this lesson will help his students navigate the same computers when they use them for 
the test. Mr. Mays does not, apparently, see this proficiency and aim as a primary 
objective of the lesson. He describes the lesson as tied to passing the state-mandated test 
“indirectly.” This intention is evident in all of the instruments where the students use the 
computer (i.e., item selection, mortgage calculator support discussion, and data 























his aims and influences interview, “my goal is to have 100 percent of my students pass 
[the state-mandated standardized test] …. You know what I mean? Having every single 
student set up to graduate with a…high school degree.” He positions the test as a key to 
high school graduation and thus to life beyond school. Since this connection is made by 
Mr. Mays in an initial interview, not in the discussion of this curricular stage of the 
lesson, this connection may not be as important for this lesson as other connections. 
Accordingly, the connection is labeled “initial interview” on the aims permeation 
diagram. This will be done on permeation diagrams whenever a connection is made 
outside of the stage of curriculum portrayed in the diagram. 
In addition to connecting computer skills to passing the state test, I connect 
computer skills to the central activity of personal finance since the tasks in which 
students are to develop this skill all occur authentic personal finance contexts such as 
finding prices for purchases and using an online loan calculator. The instruments are not 
only preparing students to use computers on the state test but also to use computers in 
future financial decision making. 
 
Figure 27. Aims permeation diagram for the non-mathematical goal of computer skills in 























6.1.2.3 Mathematical Problem Solving 
I think challenging them, I think it's absolutely a challenging question to get them 
to kind of put everything together. They're the ones gathering the data, they're the 
ones entering the data. And then they're the ones analyzing the result which is 
more steps than you usually find in a math problem. 
In this part of his response, Mr. Mays describes the experience of solving a 
challenging quantitative task, which I interpret as mathematical problem solving. He sees 
this task as challenging because it contains more independent steps than most problems 
students encounter, and it requires them to synthesize information in a way that they do 
not normally have to do. This intended mathematical proficiency of problem solving is 
evident on the handout in the data collection and data analysis tasks: These are the tasks 
where the multiple independent steps and synthesis to occur that Mr. Mays is referring to 
as challenging. Although Mr. Mays does not connect mathematical problem solving to 
aims in his discussion of this lesson, he does connect it in initial interviews to both 
general intellectual strength and mental discipline perseverance. He connects it to general 
intellectual strength by saying  
The way I say it to the kids is, "You're exercising your mind. If you exercise your 
body and you're not sore at the end of it, then you probably didn't do a great job. 
So, if you can tackle a puzzle and you have a headache at the end of it, that means 
you did a lot of growing.” 
 
He is comparing the mind to a muscle and suggesting that hard thinking, such as 
mathematical problem solving, makes it stronger in general. Mr. Mays connects 




The teachers [who] are less outwardly helpful, but in fact, their students are the 
ones that …. learn the transferrable skills of ‘What happens when I'm in a subject 
and maybe I ... I mean, maybe I don't have the best teacher,’ you know? Maybe ... 
Whether that's in high school or college or whatever…. I think that student who 
experiences that struggle and gets through it, has more stamina.” 
He is saying that students who are given difficult problems and are left to work through 
them on their own develop the ability to persevere through difficulty in subjects outside 
of mathematics and beyond high school.  
Additionally, since Mr. Mays identifies mathematical problem solving as 
supporting students in their data collection and data analysis, and since these tasks occur 
in a personal finance context, I connect mathematical problem solving with the aim of 
practically applying mathematics to the central activity of personal finance. 
 
Figure 28. Aims permeation diagram for the intended mathematical proficiency of 
mathematical problem solving in Mr. Mays’ Big Loans lesson. 
6.1.2.4 Other Mathematical Practices 
I don't think that students have to reason terribly abstractly for this, but definitely 
quantitatively. Definitely they're looking for patterns, again, of what causes my 
monthly payment to increase and decrease, what causes my total interest to 
increase and decrease, etc.…. And then yeah, the number sense and the financial 
decisions, that's where I finally get to hit that. Where at other parts during the 


























In this part of the response, Mr. Mays describes how the work in this lesson that 
students do to decern the impact of credit scores and loan length on monthly payments 
and total interest lesson helps them develop their number sense, quantitative reasoning, 
and pattern-finding abilities. The number sense is developed as the students are 
introduced to specific quantities relevant to personal finance and start to get a sense of 
what amounts are reasonable for these quantities (e.g., what is a reasonable interest rate 
for a mortgage, what might you expect your monthly payment to be for a loan on an 
expensive car). Quantitative reasoning and pattern-finding proficiencies each describe the 
kind of reasoning done in this lesson: it is quantitative as opposed to abstract and it is 
pattern-finding as opposed to deductive. This statement connects all three of these 
proficiencies to the activities where the patterns emerge and are explicitly discussed: the 
data gathering and data analysis tasks. Quantitative reasoning and number sense are also 
evident in other instruments in this lesson that provide students with specific numbers for 
the quantities discussed (the item selection task, which includes identifying cost, and the 
handout introduction where students learn how long loans tend to last and are given 
specific interest rates). Quantitative reasoning is also evident in the introductory 
discussion in which they are given background information about the quantities to be 
discussed. The development of these three proficiencies in authentic personal finance 





Figure 29. Aims permeation diagram for three mathematical practices that are intended 
mathematical proficiencies in Mr. Mays Big Loans lesson. 
6.1.2.5 Another Aim Connected to Quantitative Reasoning 
And as far as opening doors for math professions, it's cool to see students who are 
really intuitive with things like this. And you can imagine them being, I don't 
know, entering the accountant field or finding their finance or becoming an 
actuary or something. Because you just see how intuitive it is for them to mess 
around with numbers. 
In this last part of his response, Mr. Mays connects quantitative reasoning to the 
aim of students seeing STEM professions in finance as desirable or possible. He suggests 
that students who find the quantitative reasoning in the lesson intuitive may, in the future, 
find themselves drawn to mathematics intensive professions that involve finance. This 
diagram duplicates the connections between quantitative reasoning and instruments 



























Figure 30. Aims permeation diagram for the connection between quantitative reasoning 
and the aim of broadening students’ professional perspective. 
6.1.2.6 Believe That Mathematics Can be Fun and Engaging 
[The purpose of these kinds of lessons is] to let kids engage with your content 
area in a fun yet engaging way…. We don't want kids to be able to think of one 
day in geometry that they really got to interact with math in a meaningful way. 
We want them to have a number of things. 
In this excerpt, Mr. Mays is framing his Big Loans lesson by talking about the 
school mandate to teach a particularly engaging lesson each month that is not necessarily 
about required content. In trying to have these lessons occur on a regular basis, the school 
is asking teachers to show students that the discipline, in general, can be fun and 
engaging – to change their broader disposition toward it. I paraphrase this as the intended 
mathematical proficiency Believe that mathematics can be fun and engaging. In 
reflecting on the lesson, Mr. Mays directly connects this engagement goal with the 
choosing of the purchase items, “I think letting students actually shop around for things 
that they have an interest in is immediately engaging.” Moreover, his wording of the 
choosing task connects it with fun, “It’s time to find a car! I recommend Googling ‘buy a 

























energetic tone of the instructions and explicit prompt for students to choose cars they like 
reflects an intentional curricular decision by the teacher to get students excited about the 
lesson. Additionally, Mr. Mays connects the gathering and analyzing of the data with 
engagement, “when you think about mathematically engaging, making them change a 
few variables around to see how that impacts the total behavior of the loan I think is 
where it allows them to engage with numbers in a more analytical way than maybe 
they're used to. And when you have the buy in of, it's something that most people care 
about, then I think that it works really, really well.” He is suggesting that the authentic 
nature of the task will lead the students to care about the outcome of the analysis and will 
thus support their engagement in the task. Interestingly there is no point in this lesson or 
in the initial interview where Mr. Mays connects enjoyment of and engagement in 
mathematics with any objective beyond school mathematics. While it seems natural for a 
math teacher and a school to want students to view mathematics as fun and engaging, he 
is never explicit about how this connects to their lives beyond the classroom and thus, 
this I interpret this intended mathematical proficiency as unconnected to aims. 
 
Figure 31. Aims permeation diagram for the intended mathematical proficiency of 
















6.1.3 Permeation of Aims 
Having established the connections between instruments, intended mathematical 
proficiencies, and aims in Mr. Mays’ plan for this lesson, I am now able to construct an 
aims permeation diagram of the entire lesson (see Figure 11). This diagram reveals two 
important characteristics of how aims permeate the plan which I will describe in the 





Figure 32. The aims permeation diagram for the teacher-planned stage of Mr. Mays’ Big Loans lesson. 



















































6.1.3.1 Unconnected Intended Mathematical Proficiencies 
The first characteristic of how aims permeate the lesson that is revealed in this 
diagram is that not all of the intended mathematical proficiencies are connected to aims. 
Believe that mathematics can be fun and engaging is not connected to any educational 
objective that extends beyond the classroom. I refer to intended mathematical 
proficiencies that are not connected to aims as unconnected mathematical proficiencies. 
This means that the intended mathematical proficiency, itself, has become part of the 
object of the lesson, thus decreasing the overall level of permeation of aims in the lesson.  
6.1.3.2 Centrality 
Another characteristic of how aims permeate this lesson that is apparent in the 
aims permeation diagram is that aims are not all of equal importance. This variation can 
be seen on the diagram in the number of instruments to which each object is connected. It 
can then be investigated further by accessing how each aim’s importance is described by 
the teacher, if at all. I will illustrate these differences by investigating the importance of 
each aim in this lesson. The relative importance of aims in the plan is relevant to how 
aims permeate the lesson because important aims permeate the lesson to a greater extent 
than less important aims. 
The aim of practical application of mathematical content and practices to 
personal finance is very important to this lesson. It is connected to seven of the eight 
intended mathematical proficiencies and non-mathematical goals which are, in turn, 
connected to all of the tools of the lesson (as illustrated in Figure 32 and noted in Table 
7). In the pre-observation interview, Mr. Mays describes the importance this aim by 
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saying, “financial decisions, this is where I finally get to hit that.” He highlights the 
importance of this aim in the lesson with the word “finally.” This indicates that this is 
something he has been eager to do with students; likely because, as indicated earlier, 
students have expressed a specific interest in this topic.  
Table 7 
 
Characteristics of objects that indicate their importance to a lesson for Mr. Mays’ 
planned Big Loan Lesson. 
 
Object 
 Fraction of 
instruments to 
which the aim 
is connected 
 
Whether and how the object is 
explicitly described as central to 
the lesson 
Practical application of 
mathematics to personal 
finance 
 
*6/6  *Described in plan as central 
Believe that mathematics can 
be fun and engaging 
 *3/6  *Described in plan as central 
Students see STEM as a 
potential profession 
 *5/6  Described in plan but not as central 
Success on state test  *3/6  Described in plan but not as central 
General intellectual strength  2/6  Connected to proficiencies in initial interviews 
Perseverance in problem 
solving 
 2/6  Connected to proficiencies in initial interviews 
Note: Starred (*) characteristics support the importance of an aim 
Less important to this lesson, but still somewhat important, is the aim of students 
seeing STEM as a potential profession. Supporting its importance is its connection to five 
of the six instruments through the intended mathematical proficiency of quantitative 
reasoning. However, Mr. Mays’ description of this aim, quoted in Section 6.1.2.5, 
suggests it is not as important as others. He describes this aim as a potential byproduct of 
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the lesson, something he is noticing, not something he specifically intended in his plan.  
Also, less important to this lesson but still somewhat important, is the aim of 
success on the state-mandated standardized test. It is connected to half of the instruments 
of the lesson through the intended mathematical proficiency of computer skills, so it is 
present but not dominantly so. Mr. Mays describes this aim in the plan for the lesson but 
qualifies its importance as quoted in Section 6.1.2.2. His use of the word “indirect” 
suggests that this is not a central aim of the lesson but, like the STEM-related aim, a 
beneficial byproduct of the work.  
Even less important to the lesson are the mental discipline aims of general 
intellectual strength and perseverance in problem solving. These aims are only connected 
to two instruments in the lesson through the intended mathematical proficiency of 
mathematical problems solving. They are not described as aims during any conversation 
about the lesson but connected to the mathematical proficiency in initial interviews. 
In addition to analyzing the importance of the aims, I also analyze the importance 
of the unconnected mathematical proficiency, believe that mathematics can be fun and 
engaging, because it is part of the object. Its relative importance to the aims that are also 
a part of the object are an indication of the extent to which aims permeate the teacher 
plan. Believe that mathematics can be fun and engaging is important to the lesson. It is 
connected to half of the instruments of the lesson and described as very important by Mr. 
Mays. Mr. Mays describes this importance when he talks about why the school asks him 
to do this kind of lesson, “it's to let kids engage with your content area in a fun yet 
engaging way…. We don't want kids to be able to think of one day in geometry that they 
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really got to interact with math in a meaningful way. We want them to have a number of 
things." The content of this lesson is specifically chosen in order to provide students with 
a fun and engaging experience. 
I describe this characteristic of importance as the centrality of an aim or 
proficiency to a lesson. I conceptualize components of the objects of a lesson (i.e., aims 
and proficiencies) as possessing three possible levels of centrality. The highest level is 
when a component is connected to at least half of the instruments of the lesson and is 
described as important in the plan for the lesson. I label components at this level of 
centrality as central. The second level is when a component is connected to between a 
quarter and a half of the instruments of the lesson and is not described as central to the 
lesson in the plan – either because its importance is qualified in its description in the plan, 
because it is described in a post-lesson reflection, or because it is connected to the 
mathematical proficiencies of the lesson outside of the plan (i.e., in other lessons or in 
initial interviews). I call this level medial. The lowest level of importance is similar to 
medial in that the aim is not described as central to the lesson in the plan but different in 
that the component is connected to less than one quarter of the instruments (peripheral). 
Thus, I would categorize two components of the object of Mr. Mays’ lesson, the practical 
application of mathematical practices to personal finance as well as the mathematical 
proficiency of believe that mathematics can be fun and engaging, as central. I categorize 
two other components of the object, students seeing finance as a potential profession and 
success on the state test, as medial, and the last two, general intellectual strength and 
mental discipline perseverance, as peripheral. 
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6.2 Characterizing the Collective Permeation of Aims in a Stage of Curriculum 
The preceding analysis of Mr. Mays’ Big Loans lesson demonstrates how aims 
can permeate a lesson extensively. That is, the lesson has an aim that is a central 
component of the object (i.e., the practical application of mathematical practices to 
personal finance) that is clearly connected to supporting mathematical proficiencies. The 
clarity of this aim stems from the specificity of its central activity, personal finance, and 
is enhanced by the authentic tasks in which students apply the mathematical practices that 
they are learning. 
The level to which aims permeate this lesson, however, is undermined by the 
existence of an intended mathematical proficiency that is not connected to aims—that 
students view mathematics as fun and engaging. It is not hard to imagine aims that could 
be connected to this proficiency. In fact, it would be reasonable to connect this 
proficiency to an aim already described for this lesson – that students see STEM as a 
potential profession. One could also connect this proficiency to the aim of having 
students engage in recreational math. However, this does not happen at any point in the 
interviews or in the lesson itself. While it is hard to doubt the broad idea that finding 
math enjoyable and engaging is valuable, this lesson does not describe a reason why it 
seeks to instill this in students. This lack of connection diminishes the sense that this 
lesson has a clear purpose.  
Thus, the work of Chapters 5 and the first part of this chapter have provided a 
framework for understanding to what extent and how aims permeate a stage of 
curriculum (part of Research Question 2). The permeation of aims in a stage of 
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curriculum can be described as the extent to which the intended mathematical 
proficiencies are connected to at least one clear central aim. If aims are less central parts 
of the object of a lesson, then aims permeate the lesson less. If the most central aims of an 
object are unclear, then aims do not permeate that lesson to the extent that they do in a 
lesson where similarly central aims are clear. Most of the intended mathematical 
proficiencies in Mr. Mays’ plan for his Big Loans lesson are connected to a clear central 
aim, but one is not. There are a few lessons in this study in which aims permeate the 
teacher plan more extensively than Mr. Mays’ Big Loans lesson and many lessons in 
which aims permeate the teacher plan less. In the following sections I will use this 
framework to analyze teacher plans from the study that illustrate the various levels of 
permeation that emerged from the analysis. 
6.2.1 Very High Permeation: Ms. Heath’s Compound Interest Lesson 
Ms. Heath’s plan for her Compound Interest lesson exhibits very high permeation 
of aims. All of the intended mathematical proficiencies are connected to a clear central 
aim, the practical application of mathematics to personal finance (see Figure 33). Ms. 
Heath describes this aim in the pre-observation interview, “My goal for them is to 
understand that you're putting money in a bank and like this interest rate thing is like, 
well, in a savings account aspect, the interest rate is a positive thing and... your money 
can work for you.” She plans to open the lesson by having students sit in pairs, go online, 
choose a bank, and record the interest rate paid on the bank’s savings account. She will 
then give each pair 4 pennies and explain that they will be earning interest on the pennies. 
Every seven minutes they will get 50% interest. Next, she plans to hand out a classwork 
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sheet that begins with a paragraph explaining that money can grow in a savings account 
and that students will be using what they know about exponential functions to solve 
problems that involve money and interest. The paragraph is followed by a task that 
illustrates how money grows when it compounds annually (see Figure 34).  She plans to 
have them complete this task as a class. She will then lead a discussion where she 
introduces and explains the compound interest formula. Once students understand the 
formula, she will ask them to use it to find the balance of a $100 savings account in the 
bank they choose at the beginning of class after 5, 10 and 20 years assuming annual 
compounding. They will do an example as a class and then try it on their own. The lesson 
will end with a series of practice problems where students are given an initial savings 
amount, an interest rate, a compounding interval, and are asked to find the balance on a 




Figure 33. Aims permeation diagram for Ms. Heath’s planned Compound Interest Lesson 
with the object of the lesson shaded. 













































Figure 34. A task from Ms. Heath’s Compound Interest lesson that helps students 
understand compound interest. 
The aim of this lesson is clear because it has a specific central activity, personal 
finance, and the connections between the aim and the mathematical proficiencies are 
illustrated in realistic tasks. I categorize it as central because of this clarity and because 
the aim is connected to all of the instruments in the lesson (see Figure 33). 
6.2.2 High Permeation: Mr. Mays’ Parallelograms Lesson 
Mr. Mays’ plan for his Parallelograms lesson is similarly high in permeation to 
his Big Loans lesson but for different reasons. I classify Mr. Mays’ plan for his Big 
Loans lesson as high in permeation because it has a clear central aim as a part of its 
object (see Figure 35). It is not very high because it has an unconnected mathematical 
proficiency. I categorize Mr. Mays’ plan for his Parallelograms lesson as high in 
permeation because it has a central aim and no unconnected mathematical proficiencies. 
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It is not very high because its central aim is not clear.  
Mr. Mays’ plan for his Parallelograms lesson is focused on finding missing 
lengths on parallelograms. It begins with a launch task in which students discover that the 
diagonals of a parallelogram bisect each other. Students then spend the rest of the lesson 
doing exercises in which they use characteristics of diagonals and sides of parallelograms 
to either find missing lengths or prove a figure is a parallelogram. 
The central aim in this lesson is an assessment aim: success on the state-mandated 
test. This aim is connected to all of the instruments in the lesson and is described by Mr. 
Mays as central in his pre-observation interview, “This material features heavily on [the 
state-mandated standardized test], and it also allows students to practice their algebraic 
skills which may be even more important for [the test]” He is connecting the assessment 
function of passing the state test to both the geometric content, using properties of 
parallelograms to find missing lengths, and the algebra that they practice to solve the 
geometric problems. He situates the assessment function in the central activity of life 
beyond school in two different ways. First by noting that, “teaching 10th grade… brings 
up the extra added pressure of the important [state test] …. Having every single student 
set up to graduate.” He is saying that one important function of passing the state test is as 
a criterion for graduation – a gateway to life beyond school. He also sees the test as 
connected to college, “Is a student who passes [the state test] predicted to do well on an 
ACT or SAT? Are they predicted to do well in an introductory college math course that 
you would need to get a college degree, whether your focus is math or not? I think it does 
a good job at hitting those skills hard.” Preparing the student for the state test also 
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prepares them to get into college and fulfil the requirements to graduate – another 
gateway to life beyond school.  
 
Figure 35. Aims permeation diagram for Mr. Mays’ Parallelograms lesson with the 
objects shaded. 
This assessment aim, the central aim of the plan, is not clear for two reasons. It’s 
intended central activity is general and it is partially opaque. I categorize the intended 





































































activity for the state test aside from graduation — which is a gateway to life beyond 
school. His connection to college is only tangentially about the central activity of college 
since he describes college mathematics as primarily another step toward graduation and 
participation life beyond school. 
I categorize this aim as partially opaque because it has some transparent qualities 
and some opaque qualities. It is transparent in that one of the mathematical proficiencies 
connected to the assessment aim is connected to another aim. In response to me bringing 
up one of his overall aims, Mr. Mays states that “the only part of this lesson that would 
open doors to math professions is practicing algebraic manipulation” He connects the 
intended mathematical proficiency of performing complex algebraic manipulation to the 
practical application of math in STEM professions. It is also somewhat transparent in that 
he connects skills on the state test to success in college math. However, it is opaque in 
that he does not state college math as the main central activity of this aim but mainly 
describes it as a gateway to college graduation and participation in life beyond school, 
and it is not clear how the proficiencies that are not algebraic manipulation are helpful in 
successfully participating in life beyond school. 
6.2.3 Moderate-High Permeation: Ms. Lavelle’s Real-Life Applications of Systems lesson 
Unlike previously described teacher-plans, Ms. Lavelle’s plan for her Real-Life 
Applications of Systems lesson does not have a central aim. Instead, the most central 
component of its object is two medial aims (see Figure 36). Thus, I classify the 
permeation as moderate. I classify it as at the high end of moderate (moderate-high) 




Figure 36. Aims permeation diagram for the planned stage of Ms. Lavelle’s Real-Life 
Applications of Systems lesson with the objects shaded. 
Ms. Lavelle’s plan for this lesson, as described in her pre-observation interview 
and in her written plan, is designed around contextual tasks that can be solved using 
systems of linear equations. Ms. Lavelle plans to open with a pseudo-realistic launch task 
in a personal finance context which students work on independently and then debrief as a 


































































can be solved by writing and graphing a system of linear equations.” Next, she plans to 
lead a class discussion with structured notes in which she shows students how to translate 
situations with initial condition and rate-of-change information into systems of linear 
equations in slope-intercept form. She plans to organize the discussion around a handout 
that contains a pseudo-realistic task in a personal finance context (see Figure 37). She 
will elicit keywords that can help students identify the slope and y-intercepts of the 
equations in the system and then the class will use the keywords to model, but not solve, 
the situation as a system of linear equations. Next, she plans to give the class six practice 
problems, one labeled “interacting with new material” and five labeled as practice 
problems. These problems are a mix of prototypical and realistic tasks, each of which is 
set in a situation that can be modeled by a system of linear equations. They are set in a 
variety of specific contexts including small business, personal finance, and school-based 
extra-curricular activities. The lesson ends with an exit ticket that is a realistic task in a 




Figure 37. The structured notes and task from Ms. Lavelle’s class discussion on 
translating situations into systems of equations in slope-intercept form. 
Three intended mathematical proficiencies are evident in this lesson. The two 
most prominent are represent a real-world problem with a system of linear equations and 
solve a real-world problem using a system of linear equations. These are both connected 
to the aim of the practical application of systems of equations to a variety of specific real-
world contexts. This connection is evident in the key idea of the lesson and in the 
contextual tasks. The third intended mathematical proficiency, mathematical problem 
solving, emerges when Ms. Lavelle talks about her goals for the lesson, “I think it's part 
of the problem solving because they have to determine how to solve this problem. And I 
don't give any suggestions about how to solve it.” She is referring to the launch task. She 
altered it from the textbook version, removing the requirement that they solve it by 
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graphing so that students could bring more creativity to the process. This mathematical 
proficiency is not connected to aims in the lesson but, instead, in Ms. Lavelle’s Aims and 
Influences interview. In this interview, she connects mathematical problem solving to the 
practical application of math beyond class by saying, “where they encounter a 
challenging problem, so I hope for them to be able to problem solve independently, and 
to just become... How do I word this? Fluent in math? Or be able to efficiently do 
math…. That will help them in future math classes and outside of the math class.” She is 
arguing that independent problem solving is a key skill in helping students apply any 
mathematics to practical situations outside of class. She connects mathematical problem 
solving to mental discipline problem solving by saying that being able to problem solve 
mathematically in the classroom helps students be “able to use skills and previous skills. 
May that be math content skills. Or even if it's a problem outside in the real world…. 
Using…. outside resources or previous knowledge to help them persevere through that 
problem or help them overcome that problem.” She is suggesting that the experience of 
persevering in math will help students learn how to persevere in all kinds of problems 
beyond the classroom. 
Thus, three aims are evident in this lesson, the practical application of systems of 
equations to a variety of specific real-world contexts, the practical application of 
mathematical problem solving to life beyond math class, and mental discipline problem 
solving in life beyond school. Ms. Lavelle describes the problem-solving aims as more 
central than the application of systems. She begins her description of the goals of the 
lesson with the “I think it’s part of the problem solving” statement quoted earlier. She 
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then says “Also, maybe the modeling piece too, given like a real-world situation.” She 
does not state a strong case for any of the aims as central. She qualifies the problem-
solving objective (from which the first two aims are derived) as “part” of the objective of 
the lesson. However, she is even more tentative about the second objective — in using 
the words “also” and “maybe” she is describing this objective as somewhat of an 
afterthought. This tentative connection between intended mathematical proficiencies and 
a practical aim is consistent with comments Ms. Lavelle makes in her initial interviews. 
For example, she says “I'm not sure if that's one of my strongest things yet, is being able 
to show them how they can use this outside. And it's a goal. But I don't think I'm quite 
there yet, where I've gotten to the point where I've been able to show them that.” Ms. 
Lavelle wants to be able to show her students that the mathematics they are learning has 
practical applications beyond the classroom but has not figured out how to confidently 
make this connection. Since the practical application of systems of equations to a variety 
of specific real-world contexts is tentatively stated but connected to all of the instruments, 
I categorize it as medial. Since the problem-solving aims are connected to mathematical 
proficiencies only in an initial interview and only connected to one instrument, I 
categorize them as peripheral.    
6.2.4 Moderate Permeation:  Ms. Morgan’s Rational Expressions Lesson 
Another group of lessons are similar to the Moderate-high permeation lessons in 
that that the most central evident aim is medial but are different in that none of the aims 
are clear. Ms. Morgan’s Rational Expressions lesson is an example of this type of lesson 
(see Figure 38). I classify the permeation of aims in this lesson as moderate. If it were to 
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have unclear aims and an unconnected mathematical proficiency, I would classify it as 
moderate-low. 
The main purpose of this lesson is for students to learn how to add and subtract 
rational expressions. Ms. Morgan prepares them for this by having them review how to 
add and subtract rational numbers. They do this by preparing small-group presentations 
on the procedure for adding and subtracting rational numbers and its conceptual 
underpinnings. Ms. Morgan then shows them how the procedure for rational numbers can 
be extended to adding and subtracting rational expressions. Students then practice this 
new skill on decontextualized tasks.  
The two medial aims in this lesson are students will learn how to learn by seeking 
understanding in life beyond school and future math. Ms. Morgan states the first aim in 
the post-observation interview in describing why she has students struggle through tasks 
before going over the steps of a procedure, “it's more if you can puzzle through it, you're 
really figuring out why it works the way it works. So again, you get to a test, if you 
haven't just memorized the steps but you've puzzled through why things work, you're 
much better off. And not just in a test, but in life.” She is not only trying to help her 
students understand this particular procedure, but she is trying to build a habit of 
learning; that students should always seek deep understanding of new material, not just 
memorize what they are told. This mental discipline aim is connected to six of the seven 
instruments in the lesson (via the intended mathematical proficiency understand the 
procedure for adding rational expressions), but since she makes the connection in the 
post-observation interview as a reflection on what she saw in the lesson as opposed to in 
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her description of her goals for the lesson when she first describes her plan, it is 
categorized as medial. This aim is also less than clear since its central activity, life 
beyond school, is general. 
Similar to the first aim, the second medial aim in Ms. Morgan’s plan, future math, 
is connected to many instruments but raised upon reflection, not as part of the plan and 
thus is medial. She discusses it in the post-observation interview when talking about the 
benefits of having students present the procedure for adding rational numbers,  
I think to be able to convey those ideas are important, right?... They need to know 
why things work the way they work. Because at some point, you're going to hit a 
breaking point with the math, and if you can't fall back on the why, it all falls 
apart. 
She has them present to the class because she sees it as a way to make sure they 
deeply understand the ideas that underlie adding and subtracting rational numbers. If they 
don’t, they will not understand what they are doing when adding and subtracting rational 
expressions and will struggle in later math.  
Both of these medial aims are not entirely clear because they do not have specific 
central activities. The central activity for students will learn how to learn by seeking 
understanding in life beyond school  has a general central activity, life beyond school. 
She states this at the end of the quote above when she says, “And not just in a test, but in 
life.”  She does not cite any central activity for future math, she just says they will need to 




Figure 38. Connections between aims, intended mathematical proficiencies, and tools in 
Ms. Morgan’s Rational Expressions lesson with the objects of the lesson in shaded boxes. 
6.2.5 Low Permeation: Ms. Lavelle’s Solving Systems Using Substitution Lesson 
One more type of lesson emerged from this analysis. In this type of lesson, the 
only component of the object that is an aim is peripheral. This is true of Ms. Lavelle’s 
plan for her Solving Systems Using Substitution lesson. Because the only aim evident in 
the lesson is peripheral and it is not clear (see Figure 39), I classify the permeation of 










































Figure 39. Aims permeation diagram for Ms. Lavelle’s Solving Systems Using 















































In Ms. Lavelle’s plan for the lesson, students begin with a launch task that 
presents a system of equations and a fictional student trying to solve it. The student 
explains how the system can be solved by substitution. Students are asked if the 
reasoning seems valid and, if so, to solve the system. The rest of the plan consists of 
exercises in which students solve a system of equations, solve a system of functions, or 
verify that an ordered pair is the solution for a given system. 
There is central component of the object in this lesson, the unconnected 
mathematical proficiency, be able to solve a system of equations using substitution. This 
proficiency is central because it is connected to all of the instruments of the lesson and is 
described as the key point of the lesson in Ms. Lavelle’s written plan. The only indication 
of any aim in this lesson occurs in a task that is labeled as an “SAT problem!” (see Figure 
40). This task connects the intended mathematical proficiency, understand the meaning 
of the solution, to the assessment aim of success on the SAT. The central activity for this 
function is specific, college, but the connection is opaque in that it is not clear how 
understanding the meaning of the solution to a system of equations helps a student 




Figure 40. A practice problem from Ms. Lavelle’s Solving Systems Using Substitution 
that connects to the assessment aim. 
6.2.6 Summary 
Thus, the aims permeation of a stage of curriculum can be described in terms of 
the centrality of aims, the clarity of aims, and whether or not there are unconnected 
mathematical proficiencies. I call this the extent of aims permeation of the lesson. The 
extent of aims permeation of all of the teacher plans analyzed in this study are listed on 
Table 8 along with the characteristics that reflect how aims permeate the plan. That is, the 
table shows the most central aims evident in each plan, the clarity of each aim listed, and 
whether there are any unconnected mathematical proficiencies in the plan. The clarity of 
each aim is displayed in three parts, the specificity of the central activity, the authenticity 
of any contextual tasks connected to the aim (if there are any), and the transparency of 
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The plans with the highest aims permeation examined in this study, categorized as 
having a very high permeation, have a central aim with clear connections to intended 
mathematical proficiencies and no unconnected intended mathematical proficiencies. 
This applies to Ms. Heath’s and Ms. Morgan’s Compound Interest lessons. Plans with the 
second level of permeation, labeled high, have either a central aim with clear connections 
and an unconnected mathematical proficiency (i.e., Mr. Mays’ Big Loans lesson), or a 
central aim with connections that are not completely clear but no unconnected 
proficiencies (i.e., Ms. Lavelle’s Graphing Exponential Functions lesson and Mr. Mays 
Parallelograms lesson). Plans with the third level of permeation, labeled moderate-high, 
only have a medial aim but do not have any unconnected proficiencies (i.e., Ms. Lavelle’s 
Real-Life Applications of Systems lesson and Ms. Heath’s Area Models lesson). Plans 
with the fourth level of permeation, labeled moderate, have a medial aim that is not clear 
(i.e., Ms. Morgan’s Rational Expressions lesson). Plans with the fifth level of permeation, 
labeled moderate-low, only have a medial aim and have unconnected mathematical 
proficiencies (i.e., Mr. Mays’ Similar Triangles lesson). If any lessons were to have the 
sixth level of permeation, labeled low, they would have only a clear peripheral aim as 
well as an unconnected intended mathematical proficiency. Plans with the lowest level of 
permeation, labeled very low have only an unclear peripheral aim as well as an 




6.3 Factors That Influence the Permeation Level of a Stage and the Prevalence of 
Various Functions in the Selected Lessons 
Most notable in these findings about how aims collectively permeate the teacher-
planned stage of these lessons is how few of these teacher plans demonstrated high levels 
of permeation. Only two plans out of ten analyzed had a central aim with clear 
connections to intended mathematical proficiencies and no unconnected proficiencies. 
Only three of the plans had a central aim with clear connections regardless of 
unconnected proficiencies and only half of the plans had any central aim regardless of the 
clarity of the connections. 
6.3.1 The Role of Content 
The mathematical content of a lesson appears to play a role in the extent to which 
aims permeate a lesson. Of the five lessons with a central aim, four are related in some 
way to exponential functions. Ms. Lavelle’s lesson on graphing exponential functions is 
explicitly about the topic. Ms. Heath and Ms. Morgan’s lessons on compound interest 
build explicitly on previous work done with exponential functions; both use the 
compound interest formula which is a special case of exponential growth and make this 
connection explicitly. Ms. Heath makes this connection in her pre-observation interview, 
“For exponentials, okay? So, this is like the first time that they've seen something that is 
actually more legit, real world versus like your Skittles decaying.” She is describing this 
lesson as the first realistic application of exponential functions that they have done. Ms. 
Morgan, makes the connection explicit in the goal she plans to post on the whiteboard at 
the beginning of class “SWBAT use exponential functions to model real-world 
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scenarios.” Mr. Mays’ lesson on big loans does not contain any explicit references to 
exponential functions but the underlying subject matter, loans and interest, is the same as 
Ms. Morgan and Ms. Heath’s lesson – an application of exponential functions.  
6.3.2 The Role of Contextualization.  
Contextualization also plays an important role in aims permeation. The primary 
reason for this is that the clearest connections between intended mathematical 
proficiencies and aims occur when aims are intended for specific central activities and 
illustrated with realistic or authentic tasks. Furthermore, all of the specific central 
activates in the examined lessons require contextual tasks in order to be completely clear. 
Ms. Heath and Ms. Morgan’s lessons on compound interest and Mr. Mays’ lesson on big 
loans are all intended to prepare students for personal finance, Mr. Mays’s big loans 
lesson also intends to prepare students for professional finance, Mr. Mays’ lesson on 
parallelograms and Ms. Heath’s lesson on quadratic expression have STEM profession 
aims, Ms. Morgan’s lesson on rational expressions and Ms. Lavelle’s lesson on solving 
systems with substitution have aims oriented toward college, and Ms. Morgan’s rational 
expressions lesson also has aims oriented toward work and personal decision making in 
general. These are all central activities that take place in contexts that do not use non-
contextual mathematics tasks. Other central activities do exist that can have realistic or 
authentic non-contextual tasks. Examples are recreational math and pure mathematics 
research. Lessons with aims oriented toward these central activities could have clear 
central aims in a completely non-contextual lesson. However, no lessons like this were 
found in this study. 
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While a lack of contextual tasks in a lesson makes it hard for aims to permeate at 
the highest level, there are non-contextual lessons that are reasonably well-permeated 
because they have central aims. Ms. Lavelle’s lesson on graphing exponential functions 
and Mr. Mays’ lesson on parallelograms both have the aim of success on the state-
mandated standardized test as central, although not entirely clear. Ms. Lavelle’s lesson 
also has the aim of the practical application of mathematical content to life outside of 
class, also with a general central activity and no realistic or authentic task to clarify. Mr. 
Mays’ lesson on parallelograms has the aim of improved general intellectual strength 
with no specified central activity.  
Additionally, contextual tasks do not automatically provide a lesson with a high 
aims permeation. Ms. Lavelle’s lesson on solving real-life problems with systems of 
equations has many contextual tasks but it’s most central aim, the practical application of 
mathematical content to a variety of specific central activities, is only tentatively 
connected to mathematical proficiencies. This connection is tentative due to Ms. 
Lavelle’s uncertainty about the practical applicability of the material to life beyond the 
classroom, despite the presents of realistic tasks in the lesson. Mr. Mays’ lesson on using 
similar triangles to find missing lengths also has practical tasks but does not have a 
central aim. One of the medial aims in the lesson, the practical application of content and 
practices to life beyond school, is only evident in tasks and initial interviews. It is never 
discussed in relation to the lesson. The other medial aim, success on the state test, is only 
connected to five out of thirteen instruments in the lesson. 
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One final note about the relationship between context of tasks and aims 
permeation is that the lessons with the highest aims permeation that had practical aims 
intended for specific central activities were all intended to prepare students for personal 
finance. Ms. Heath and Ms. Morgan’s lessons on compound interest and Mr. Mays’ 
lesson on big loans all had central aims oriented toward this specific central activity. As 
described earlier, other lessons had other specific intended central activities. But none of 
these were connected to central aims. 
6.3.3 The Role of Functions 
In addition to revealing the factors that influence aims permeation, this analysis 
also reveals the prevalence in the lesson of different kinds of functions for mathematics 
(see Table 9). The practical application of mathematics beyond the classroom is the most 
prevalent function of central aims as well as the most prevalent function overall, although 
less prevalent for all aims. Unconnected mathematical proficiencies and assessment aims 
are prevalent for both central aims and all aims, but less so for all aims. Mental discipline 
aims are not evident at all in central aims but are the function for almost a quarter of all 
aims – second only in prevalence to the practical function. Future math and actualization 






Beyond-the-classroom functions for school mathematics that were evident in the selected 
planned lessons as a percentage of all central aims and as a percentage of all aims 
 
 Central Aims Only All Aims 
Practical application of mathematics 40% 30% 
Unconnected mathematical proficiency 30% 18% 
Assessment 20% 15% 
Future math 10% 9% 
Mental discipline 0% 24% 
Actualization 0% 3% 
	
6.4 Conclusion 
This analysis of these ten planned lessons reveals that the extent to which and 
how aims permeate a stage of curriculum can be described as the extent to which the 
mathematical proficiencies of the lesson are connected to clear central aims. The stages 
of curriculum with the highest permeation have at least one clear central aim and no 
unconnected mathematical proficiencies. The stages of curriculum with the lowest 
permeation have only unclear peripheral aims and unconnected mathematical 
proficiencies. The centrality of an aim is a function of how the aim is described by the 
teacher and the number of planned instruments to which the aim is connected. The clarity 
of an aim is determined by the specificity of its central activity, the authenticity of its 
tasks, and its transparency if it is an assessment aim.  
Only two teacher plans of the ten examined have all intended mathematical 
proficiencies clearly connected to central aims. Only half of the lessons have central aims 
at all. Mathematical content appears to be a factor in the extent of permeation as four of 
the five lessons with central aims were related to exponential functions. Contextualization 
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also plays a role in permeation since the clearest connections between intended 
mathematical proficiencies and aims are ones in which the intended central activity is 
specific and illustrated with realistic or authentic tasks. Since all of the specific intended 
central activities found in the examined lessons required that tasks be contextual in order 
to be realistic or authentic, contextual tasks were an important enabler of permeation. 
Also notable in this analysis was that the three most permeated contextualized lessons 
were oriented toward the central activity of personal finance. Lastly, this analysis 
revealed variation in function prevalence.  
If it were discovered that these lessons were not leading to the achievement of 
aims, this analysis would help explain why by suggesting that many of the examined 
lessons are not fully designed to support aims. Preliminary recommendations can also be 
drawn from this analysis for how to design some of the lessons to better achieve aims; by 
ensuring that all mathematical proficiencies are connected to aims, ensuring that desired 
aims are central in lessons in which they are taught by consciously considering them in 
the plan and making sure that they are connected to multiple instruments, and making 
sure that the connections between aims and intended mathematical proficiencies are clear 
and assessment aims are transparent by having specific intended central activities and 
realistic or authentic tasks that illustrate how mathematics functions in these central 
activities. This analysis also suggests that some topics may be more suitable for certain 
aims than others. Finally, if aims were not being achieved it would make sense to review 
the findings about the prevalence of aims in these lessons to see if the aims not being 
achieved were the aims not addressed, either as central activities or at all. 
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While these findings are important for understanding the role of aims within a 
single stage of curriculum, they do not address what happens to aims as curriculum is 
transformed across stages of curriculum. Chapter 7 will investigate this question.
 
 172 
 CHAPTER SEVEN: CHARACTERIZING THE EXTENT TO WHICH AND 
HOW AIMS PERMEATE ACROSS STAGES OF CURRICULUM 
In Chapters 5 and 6, I explored the role that aims for school mathematics play in 
the selected curricular systems by using the data collected in this study to conceptualize 
aims, understand how aims can be connected to intended mathematical proficiencies, and 
investigate how aims can permeate a single stage of curriculum. In Chapter 5 I found that 
an aim can be conceptualized in two parts: 1) the beyond-the-classroom activity in which 
mathematics is intended to support participation and 2) the function that mathematics is 
envisioned as playing in supporting this participation. For example, if a teacher seeks to 
help students understand exponential growth so that they will make better decisions 
around debt, the teacher is intending for math to serve a practical application function in 
the central activity of personal finance. In Chapter 5, I also found that aims permeate 
curricular systems as the motivation for teaching and learning mathematical proficiencies 
(Kilpatrick et al., 2001). Furthermore, these connections between aims and intended 
mathematical proficiencies can vary in their clarity and conditionality. That is, some 
connections are more clearly evident than others (through authentic or realistic tasks, 
specific central activities, or transparent assessment aims) and some of these connections 
are stated more strongly by teachers and texts than others. In Chapter 6, I found that aims 
can permeate a stage of curriculum to varying degrees. The amount of the permeation 
depends on the extent to which there is a clear central aim evident and whether or not 
there are intended mathematical proficiencies that are not connected to aims. These 
findings suggest the possibility that unachieved aims could be due to stages of curriculum 
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with low permeation of aims. This work also provides a framework for further 
investigation of this conjecture. 
In Chapter 7, I continue my exploration of Research Question 2, To what extent 
and how do aims for school mathematics permeate the selected curricular systems? by 
examining how aims permeate across stages of curriculum. This will illustrate how the 
sequential stages of the curricular systems either reinforce each other’s support for the 
achievement of aims or work at cross purposes. This analysis broadens the focus of 
Chapter 6’s exploration of the teacher planned stage to include the instructional materials 
and enacted stages as well (Remillard & Heck, 2014). This investigation, like those in 
Chapters 5 and 6, is undertaken through the lens of activity theory. Activity theory brings 
a useful perspective to this cross-stage analysis by providing a framework for 
understanding how different activities relate to each other in an activity system (see 
Chapter 3 for a detailed description of activity theory and how it can be employed to 
interpret curricular systems). Through the lens of activity theory, both curriculum 
development and teacher planning can be conceptualized as instrument-producing 
activities with curriculum developers and teachers as their subjects (respectively) (see 
Figure 41). In curriculum development, curriculum developers produce instructional 
materials, an instrument for use in the activity of teacher planning. In teacher planning, 
teachers create lesson materials (a lesson plan and student-facing curricular materials that 
are either written, in the teacher’s mind, or a combination), that are instruments for the 
activity of the enacted lesson. In the enacted lesson, teachers and students are subjects 
working together in a subject-producing activity to prepare students to participate in a 
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future central activity.  
 
Figure 41. An activity theory model of a curricular system. 
The object of a stage of curriculum can be comprised of either aims, unconnected 
mathematical proficiencies, or a combination of the two. I conjecture that a curricular 
system is more likely to accomplish aims when the objects of all three stages are aims 
and these aims match, just as it is important for road construction that all stages of the 
project have a vision for the road they are building and that this vision is in accordance. 
In this chapter I will examine how the objects of the stages are evident in the work of the 
subjects (curriculum developers, teachers, and students) as they connect instruments, 
goals, and objects (see Figure 42). In examining student interviews, I will also investigate 
a small part of the outcome of the enacted lesson – the aims that students describe as 
connected to the mathematical proficiencies they perceive in the lesson. This analysis, as 
a whole, will reveal whether and how the objects of each stage reinforce each other or 
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conflict as lessons develop across the system.  
 
Figure 42. An activity theory model of a curricular system with the focus of Chapter 7 
shaded. 
 
The selected curricular systems include one algebra or geometry course for each 
of four high school mathematics teachers. The data consists of instructional materials 
lessons, interviews with teachers and students, and three classroom observations for each 
teacher. Initial interviews with teachers and students explore their broad goals for their 
class. Further teacher interviews were conducted around each observation that explore 
their specific goals and plans for the lesson. Post-observation interviews with students 
discuss their perspective on the broader purpose of the lesson. Observations of each 
Warren High School teacher consisted of one first-day-of school observation and two 




Similar to Chapter 6, the objects of the lessons are identified by examining the 
instructional materials lessons, teacher interviews, written teacher plans, teacher-made 
curricular materials, and transcripts of the enacted lessons for explicit and implicit 
indications of the intended mathematical proficiencies and aims for each stage of the 
lesson. Where intended mathematical proficiencies are connected with aims, these aims 
are identified as objects of the stage of the curriculum within the lesson. Intended 
mathematical proficiencies that are not connected to aims are also identified as objects of 
the stage. In this Chapter I also include the aims and unconnected proficiencies identified 
by students in each class in post-observation interviews. This will provide additional 
information about the extent to which the stages of curriculum are either reinforcing or 
inhibiting each other in working toward the achievement of aims.  
This chapter is divided into three sections. The first (7.1) examines two exemplar 
lessons in order to characterize the different types of changes that occur in objects across 
stages of curriculum. The second (7.2) discusses types of changes found in objects across 
all stages of curriculum in all of the examined lessons. This section will also disaggregate 
aims from unconnected mathematical proficiencies to reveal if and how these different 
kinds of objects differentially change across stages of curriculum. The third section (7.3) 
describes how changes in objects across stages impact the perception of students on the 
aim of the lesson. In particular, it will show 1) if objects that were removed by teachers in 
the transformation from instructional materials to plan were still evident to students in the 
enactment, 2) if objects evident in the enactment were evident to students and whether 
this perception was influenced by the existence of the object in the instructional materials 
 
 177 
stage, and 3) if students perceived objects that were not evident in either of the previous 
stages. 
7.1 Characterizing Changes in the Object of Lessons Across Stages of Curriculum 
My analysis of changes in the aims and unconnected mathematical proficiencies 
(i.e., objects) of stages of curricula lessons across stages of curriculum uncovered two 
different characteristics of these changes. I illustrate these characteristics by describing 
how they combine across the instructional materials and teacher-planned stage of two 
typical but different lessons. This analysis provides conceptual grounding for the next 
section in which I investigate changes in object across all stages of all examined lessons 
7.1.1 How Objects Can Broaden and Shift Across Stages of Curriculum 
One way that the object of stages can change across stages of curriculum is 
illustrated by the change that occurs between the instructional materials and teacher-
planned curriculum in Ms. Lavelle’s Real-Life Applications of Systems lesson. I will first 
discuss the sequence of instruments in the two stages of curriculum to provide a sense of 
how the two lessons are different. I will then discuss the change in object across the 
stages by referring to the aims permeation diagrams. 
The instructional materials lesson and Ms. Lavelle’s planned lesson both begin 
with giving students access to the mathematical goal of the lesson, “Given a real-world 
problem, SWBAT write and graph a system of equations to determine the solution and 
explain its contextual meaning” (Instrument 1 on Table 10). This goal is stated at the 
beginning of the student-facing lesson in the instructional materials (Achievement First, 
2018b) and Ms. Lavelle planned to post it on the board at the beginning of class. The 
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structure of the instructional materials lesson that follows is similar to Ms. Lavelle’s 
planned lesson. It opens with the same pseudo-realistic launch task in a personal finance 
context except that the instructional materials ask students to solve by graphing while Ms. 
Lavelle planned to eliminate that instruction (Instrument 2). The instructional materials 
recommend that students work on the task independently and then outlines a class 
discussion (Instrument 3) in which the task is debriefed – instructions that Ms. Lavelle 
planned to follow. The teacher is then urged to elicit the key idea of the lesson from 
students (Instrument 4) which is that real-world problems can be solved by writing and 
graphing a system of equations, a discussion Ms. Lavelle planned to hold. At this point in 
the planned lesson, Ms. Lavelle planned to insert a discussion about how to translate real-
life situations into systems of equations that is based on a pseudo-realistic task that she 
created (Instrument 5). Next, in both the instructional materials and planned lessons 
students are provided with a realistic task, labeled Interacting with New Material, in 
which they are given cost and selling price information for lemonade sold at a lemonade 
stand and asked to find how many cups need to be sold to make a profit (Instrument 6). 
The text recommends that teachers do this task with students as part of a class discussion 
(Instrument 7), a recommendation Ms. Lavelle does not plan to follow. Students are then 
given five practice problems (Instrument 8), a mix of prototypical and realistic tasks, 
each of which is set in a situation that can be modeled by a system of linear equations. 
The lesson ends with an exit ticket that is a realistic task similar to the practice problems 






A matched chronological list of instruments in the instructional materials and teacher-




Instantiation of instrument in 
instructional materials stage 






1 Posted goal10 Posted goal  Same 
2 Pseudo-realistic task - Launch Task  
Pseudo-realistic task - 
Launch Task Modified 
3 Class discussion (Launch Task) 
Class discussion (Launch 
Task) Same 
4 Class discussion (Key Idea) Class discussion (Key Idea) Same 
5 N/A 




6 Realistic task (Interacting with New Material) 
Realistic task (Interacting 
with New Material) Same 
7 Class discussion (Interacting with New Material Discussion) N/A Eliminated 
8 Realistic and pseudo-realistic tasks (Practice Problems 1-5) 
Realistic and pseudo-realistic 
tasks (Practice Problems 1–5) Same 
9 Realistic task (Exit Ticket) Realistic task (Exit Ticket) Same 
 
The objects of these two stages of the lesson are very different. The object of the 
instructional materials stage is just one central aim, the practical application of systems of 
equations to business, personal finance, and school-based extra-curricular activities (see 
Figure 43). This central in the instructional materials stage is only medial in Ms. 
Lavelle’s planned lesson (see Figure 44). It has become less central because Ms. Lavelle 
 
10 I use the term posted goal to indicate any intention that is presented to students in writing 




was tentative about the connection between this aim and the intended mathematical 
proficiencies (see Section 6.2.3). Also, Ms. Lavelle added two peripheral aims, the 
practical application of mathematical problem solving to personal finance and mental 
discipline problem solving in life beyond school. This change occurred as a result of her 
modified launch task (Instrument 2). She eliminated an instruction in order to provide 
students with more of a problem-solving experience. The impact of this change can be 





Figure 43. Aims permeation diagram for the instructional materials stage of Ms. 
Lavelle’s Real-Life Applications of Systems lesson with the object of the lesson shaded. 













































Figure 44. Aims permeation diagram for the teacher-planned stage of Ms. Lavelle’s Real-
Life Applications of Systems Lesson with the components of the object of the lesson 
shaded. 



































































Thus, the object of this lesson is changing in two ways across the instructional 
materials and teacher-planned stages. First, the most central object is changing. In this 
case it is becoming less central. I call this a shift in the object. I would use the same term 
if the object changed type — either to a different aim or to an unconnected mathematical 
proficiency. The other change that occurs is that the number of components of the object 
expands. It changes from one aim to three. I call this a broadening of the object. Thus, 
the object of Ms. Lavelle’s Real-Life Applications of Systems lesson both shifts and 
broadens across the instructional materials and teacher-planned stages. 
7.1.2 How Objects Can Focus without Shifting Across Stages of Curriculum 
Ms. Heath’s Compound Interest Lesson exemplifies a different way that the 
object of a lesson can change across two stages of a curricular system. Similar to the 
previous section, I will first discuss the sequence of instruments in the two stages of 
curriculum and then discuss the change in object across the stages.  
The instructional materials lesson begins with the same written exposition 
(Instrument 1 on Table 11) that was detailed in the description of the planned version of 
this lesson in Section 6.2.1. It explains that money in a savings account grows and that in 
the lesson, students will be using their knowledge of exponential functions to solve 
problems about that growth (Kysh et al., 2013). Students are expected to then solve a 
more complex version of the compound interest table task described in the planned lesson 
(Instrument 3). It uses the same example of a $1,000 account earning 8% interest. The 
instructional materials lesson, however, provides tables with the first three years of 
interest for both simple interest and annual compounding and asks students to calculate 
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the balance for year four. It then asks them to compare the results. The instructional 
materials suggest that the teacher support students by helping them access what they 
know about percentage growth (Instrument 4). The instructional materials then provide a 
series of tasks that help students understand how to model growth by compounding 
interest. It first asks them to graph both accounts from Instrument 3 on their own, 
expecting them to use step functions (Instrument 5). It then suggests a class discussion to 
debrief this task (Instrument 6). Next, students are asked to create a continuous model for 
each account and use the compounding model to solve a problem (Instrument 7). They 
are then asked to apply their model to a problem in which savings account compounds 
quarterly (Instrument 11) and calculate the equivalent simple interest rate for the 
compounding account in Instrument 3 (Instrument 12). The lesson closes with an 




Table 11  
 
A chronological list of instruments in the instructional materials and teacher-planned 




Instantiation of instrument in 
instructional materials stage 






1 Written exposition (Framing of lesson) 
Written exposition (Framing of 
lesson) Same 
2 N/A Class discussion (Penny activity) New 
3 Realistic task (Compound interest table) 
Realistic task (Compound 
interest table) Same 
4 Task support (Compound interest table) 
Class discussion (Compound 
interest table) Modified 
5 Pseudo-realistic task (Step function model) N/A Eliminated 
6 Class discussion (Step function model) N/A Eliminated 
7 Realistic task (Continuous model) N/A Eliminated 
8 N/A Class discussion (Compound interest formula) New 
9 N/A Realistic task (Bank account calculations)  New 
10 N/A Class discussion (Bank account calculations) New 
11 Realistic task (Quarterly compounding task) 
Realistic tasks (Practice 
problems) Modified 
12 Realistic task (Find equivalent simple rate) N/A Eliminated 
13 Written exposition (Math notes) N/A Eliminated 
 
In examining these instruments along with the teacher notes, I found one central 
aim in the instructional materials stage of this lesson, the practical application of 
mathematics to personal finance (see Figure 45) and two medial aims, the practical 
 
 186 
application of mathematical problems solving to life beyond mathematics class, and 
mental discipline problem solving. Ms. Heath’s planned stage of this lesson maintains the 
same central aim but does not seek to develop problem solving skills and thus drops the 
two medial aims (see Figure 46). This can be seen by noticing that the three instruments 
connected to mathematical problem solving in Figure 45 (instruments 5, 7, and 12) are 
not on Figure 46. Thus, the central component of the object does not shift across these 
two stages, but the number of components decreases. I call this decrease a focusing of the 
object. 
 
Figure 45. Aims permeation diagram for the instructional materials stage of Ms. Heath’s 




























































Figure 46. Aims permeation diagram for the planned stage of Ms. Heath’s Compound 
Interest Lesson with the object of the lesson shaded. 
7.2 Permeation of Aims Across All Stages in the Ten Examined Lessons 
In this section I apply the ways aims can change across stages, as described in the 
previous section, to investigate whether and how the way aims change across stages in 
the ten examined lessons reinforce or inhibit each other in working toward the 
achievement of aims. In order to see whether the objects of each stage broaden, focus, or 
shift in the ten examined lessons, I have compiled the components of objects evident in 












































a component is an aim, its function is listed under components of the object. Unconnected 
mathematical proficiencies are listed in the same column as “Unconnected” and are 
marked with an asterisk. I have also included a column with details about some objects. 
For practical aims I list what kinds of proficiency is to be applied to life outside the 
classroom (i.e., mathematical content, mathematical practices, non-mathematical goals, 
or “all” to indicate all three). For mental discipline aims I list which mental discipline is 
to be improved by engaging in mathematical proficiencies (i.e., problem solving, 
perseverance, or mental strength). For unconnected mathematical proficiencies I list the 
kind of proficiency that is evident (i.e., content or practices). For exchange value aims I 
list the kind of certification for which mathematics is preparing students (i.e., state-
mandated standardized test, SAT). For socialization aims I list the socialization function 
being taught (i.e., collaboration). For the aim of expanding students’ perspective on 
possible professions, listed as “possible professions”, I list the profession to which 






Centrality of aims for school mathematics and unconnected mathematical proficiencies (objects) evident in each lesson with an 
instructional materials stage by stage of curriculum with unconnected mathematical proficiencies marked (*) 
      Centrality in Stage of Curriculum 
Lesson Title Teacher Components of the Object Detail Instructional Materials Teacher-Planned Enacted 
Real-Life Applications     
of Systems 
Lavelle Practical Content C M M  
Practical Practices 
 
P P  
Mental discipline Problem solving 
 
P P        
Parallelograms Mays Exchange value State test M C C   





C C   
Practical Practices 
 
M M   
Practical Content 
 
P P   
Mental discipline Mental strength 
 
P P        
Similar Triangles Mays Practical Content and practices C M M   
Exchange value State test 
 
M M   
*Unconnected Practices 
 
M M   
Future math 
  
P P   
Mental discipline General strength 
 
P P        
Rational Expressions Morgan Practical practices M 
  
 
Mental discipline Problem solving M 
  
  
*Unconnected Content C 
  
  
*Unconnected Practices M M M   
Future math 
  
M M   
Mental discipline Learn to learn 
 
M M   
Socialization Collaboration 
 
P P   
Future Math 
  
P P        
Compound Interest Heath Practical All C C C  
Practical Practices M 
  
  
Mental discipline Problem solving M 
  
       
Solving Systems Using 
Substitution 
Lavelle Practical Content C 
  
 
Exchange value SAT P P P  





Centrality of aims for school mathematics and unconnected mathematical proficiencies 
(objects) evident in each lesson without an instructional materials stage by stage of 
curriculum with unconnected mathematical proficiencies marked (*) 
 
      













Lavelle Exchange value State test 
 
C C  
Practical Content 
 
C C  
Future Math 
  
C C        
Big Loans Mays Practical Content and non-math 
 
C C   
*Unconnected Practices 
 







Exchange Value State test 
 
M M   
Mental discipline General Intellect 
 
P P   
Mental discipline Perseverance 
 






       
Area 
Models 
Heath Practical Content 
 
C C 
       
Compound 
Interest 
Morgan Practical Content and non-math   C C 
      
 
The most striking finding on this table is how little change there is between the 
objects of the teacher-planned and enacted stages. Only one lesson had a change in object 
occur across these two stages. In Mr. Mays’ Big Loans lesson, Mr. Mays explains that 
houses appreciate in value. In response a student asks, “So you could make a living out of 
that?” after Mr. Mays explains that some people buy houses, fix them up, and sell them 
for a profit, the student says, “I’m going to do that.” This enacted lesson has achieved an 
unplanned objective, it has expanded this student’s sense of what they might consider for 
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a profession to include real estate. It is not unusual for students to ask questions or make 
comments during lessons. However, this was the only time when a student’s contribution 
changed the object of the lesson; in this case, broadening it. 
The changes that occur from instructional materials curriculum to teacher-planned 
curriculum are much more complex. Of the six lessons that have an instructional 
materials stage, all six feature a shift in object across the instructional materials and the 
teacher-planned stages. In four lessons, the object became broader (i.e., Ms. Lavelle’s 
Real-Life Applications of Systems lesson, Mr. Mays’ Parallelograms lesson, Mr. Mays’ 
Similar Triangles lesson, and Ms. Morgan’s Rational Expressions lesson). In two lessons 
the object became more focused (i.e., Ms. Heath’s Compound Interest Lesson, and Ms. 
Lavelle’s Solving Systems Using Substitution lesson).  
In order to understand these changes better, I recorded the prevalence of changes 
across stages of objects, by object, in the instructional materials and teacher-planned 
stages of lessons in which there was an instructional materials stage (see Table 14). Most 
(86%) of the objects that were evident in at least one stage were transformed across 
stages. That is, they were either added, increased in centrality (emphasized), decreased in 
centrality (de-emphasized), or removed. Over half of the evident objects were either 
added or emphasized while only about a third were de-emphasized or removed.  
This high variability was evident for both aims and unconnected mathematical 
proficiencies. All future mathematics and socialization aims were emphasized or added 
by teachers as were most of the mental discipline and exchange value objects. Half of the 
practical application of practices and almost two-thirds of the practical application of 
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content aims were de-emphasized or removed by teachers. Two-thirds of unconnected 
content proficiencies were de-emphasized or removed while the other third was added or 




Prevalence and changes across stages of objects in the instructional materials and 
teacher-planned stages of lessons in which there was an instructional materials stage 
 
Object 
Total number  
of lessons in 
which the 
object is evident 
Percentage in 
which the 
object is added 
or emphasized 
Percentage in 
which the object 
is removed or   
de-emphasized 
Percentage in which 
the centrality of the 
object is constant 
Aims     
Practical practices 6 33% 50% 17% 
Practical content 5 20% 60% 20% 
Mental discipline 5 80% 20% 0% 
Future math 4 100% 0% 0% 
Exchange value 3 67% 0% 33% 
Non-math goals 1 0% 0% 100% 
Socialization 1 100% 0% 0% 
Unconnected Mathematical Proficiencies    
Content 3 33% 67% 0% 
Practices 2 50% 0% 50% 
Total 30 53% 33% 13% 
 
 
7.3 Student Perception of Aims 
In order to further explore these changes across stages of curriculum and 
triangulate on the results already discussed, I will now consider the student perspective 
on which objects were evident in the enacted curriculum in each of the lessons that had 
all three stages. This analysis focuses on the lessons with instructional materials stages so 
that the impact on students of the full curricular system could be examined. 
In order to analyze the student perspective, I complied which objects in each stage 
of curriculum were most central and which ones were evident but not most central (see 
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Table 15). For example, if a stage of curriculum did not have a central object, the medial 
objects were recorded as most central. I then noted which objects in each lesson were 
reported as perceived by at least one of the students interviewed after the lesson. For this 
analysis I collapsed the planned and enacted stages together since the evident objects 





Centrality of functions for school mathematics evident in lessons with instructional 
materials stage by stage of curriculum and whether they were perceived by at least one 
interviewed student 
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o        
Parallelograms Mays Exchange value State test - x 
 
 
*Unconnected Content x 
 
o   
Future Math 
  















       
Similar Triangles Mays Practical Content and practices x x o  






















o        
Rational 
Expressions 
Morgan Practical practices - 
  
 
Mental discipline Problem solving - 
 
o   
*Unconnected Content x 
 
o   
*Unconnected Practices - x o   
Future math 
  
x o   












       
Compound Interest Heath Practical All x x o  
Practical Practices - 
  
  
Mental discipline Problem solving - 
  




Lavelle Practical Content and practices x 
 
o  
Exchange value SAT - - 
 
  *Unconnected Content - x o 
Note:  Instrnl Mtrls: Instructional Materials Plnd/Enctd: Planned/Enacted 
*: unconnected mathematical proficiency  
 o: object perceived by at least one student 
 x: most central object of the stage for that lesson 
-: object evident but not most central, 
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This analysis showed that the students interviewed generally perceived the most 
central evident objects from any stage of curriculum whether evident in the enacted stage 
or not and did not perceive objects that were evident but not most central in the stage. Of 
the 16 objects that were evident as most central in either an instructional materials or a 
planned/enacted stage, 12 were perceived by students (75%). Of the four objects that 
were most central in a stage but not perceived by students, two were exchange value aims 
(i.e., Mr. Mays’ Parallelograms lesson and Mr. Mays’ Similar Triangles lesson), one was 
unconnected mathematical practices (i.e., Mr. Mays’ Similar Triangles lesson) and one 
was a mental discipline aim, learn how to learn (i.e., Ms. Morgan’s Rational Expressions 
lesson). Students only perceived two objects that were evident but not most central. Both 
of these occurred in Ms. Morgan’s Rational Expressions lesson. Students perceived the 
mental discipline problem solving aim even though it was not evident in the 
planned/enacted stages and only medial in the instructional materials stage. They also 
perceived the socialization aim of collaboration/communication even though it was not 
evident in the instructional materials stage and only peripheral in the planned/enacted 
stages. Students also perceived two objects that were not evident in any of the stages, 
both unconnected mathematical content. This occurred in Ms. Lavelle’s Real-Life 
Applications of Systems lesson and Mr. Mays’ Similar Triangles lesson. 
Students were more likely to perceive the most central objects in the instructional 
materials stage than those in the planned/enacted stage.  Students perceived all of the 
most central objects in all of the instructional materials stages of these lessons while they 
only perceived eight out of twelve (75%) of the most central objects in the 
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planned/enacted stage. Of the four most central objects that were evident in the 
instructional materials stage, not evident in the planned/enacted stages, but perceived by 
students, two were unconnected mathematical content (i.e., Mr. Mays’ Parallelograms 
lesson and Ms. Morgan’s Rational Expressions lesson), one was mental discipline 
problem solving (i.e., Ms. Morgan’s Rational Expressions lesson) and one was the 
practical application of mathematical content (i.e., Ms. Lavelle’s Solving Systems Using 
Substitution lesson).  
7.4 Conclusion 
Taken together this exploration of how aims permeate curricular systems across 
stages shows considerable disconnect across the instructional materials and teacher-
planned stages of curriculum. Most of the objects evident in one stage were not evident to 
the same extent in the other as teachers either broaden or focus the object of the lessons. 
The success of these teacher efforts appears to be somewhat limited as students’ 
perception of the object of the enacted curriculum tends to match the evident objects of 
the instructional materials curriculum more consistently than the evident objects of the 
plans and enactment. Teachers are trying to make changes in the object of curriculum, 
primarily trying to increase the emphasis on mental discipline, exchange value, and 
socialization aims while deemphasizing practical aims and unconnected mathematical 
content, but students are not perceiving these changes consistently. This disconnect 
across the instructional materials and planned/enacted stages of curriculum as well as 
across the planned/enacted stage and what students perceive could help explain why aims 
are not being achieved. If the components of a system are not pulling in the same 
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 CHAPTER EIGHT: IMPLICATIONS AND FUTURE RESEARCH 
8.1 Why Aims for School Mathematics Are Not Being Achieved 
In the opening lines of this dissertation, Mr. Mays laments that he is required to 
teach topics that drive him to wonder, “What are we really doing here?” The subsequent 
analysis revealed the troubling fact that this question often went unanswered in the 
examined curricular systems. If this finding is representative of secondary mathematics 
education in general, then the answer to the question Why does the United States 
mathematics education system struggle to achieve many of its aims? may simply be that 
its attention is elsewhere. This search for the role that aims play in the selected curricular 
systems has revealed that, for many lessons, there is no clear, central, beyond-the-
classroom purpose. In these systems, teachers, even those who are largely supportive of 
their materials’ instructional approach, often alter or disregard the aims that instructional 
materials suggest. However, the students in these systems tend to see through the 
teachers’ changes and perceive both the original aims of the instructional materials and 
most of the aims evident in the teacher’s curricular work. This presents a picture of 
systems going in many directions at once and, as the data concerning the achievement of 
aims suggest, ultimately nowhere. 
An important implication of the significant number of lessons with no clear aims 
is that many aims described in research and policy literature are not evident in the 
examined curricular systems. The absence of some categories of aims is surprising given 
that they can justify topics in the curriculum that are difficult to justify using more 
prominent aims. Intellectual interpretive aims are one such category of aims. Many 
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common topics, such as quadratic functions, have little practical value to most students, 
but they model ubiquitous natural or social phenomena (e.g., quadratic functions model 
projectile motion). Furthermore, these topics are often illustrated with contextual 
problems that feel pseudo-realistic to students who expect a contextual problem to have a 
practical application. Explicitly invoking the intellectual interpretive justification for 
mathematics would provide a more convincing reason for including these topics and 
incorporating the contextual problems created to illustrate them. In other words, it is 
likely more credible for a teacher to say, “We are studying quadratic functions because it 
is interesting that all things that move through the air follow a parabola,” than for the 
teacher to try to convince students that quadratic equations have practical value in their 
day-to-day lives. 
Another aim that could justify existing topics that are currently difficult to justify 
is the pure mathematical aim of knowing what mathematics is about. The inclusion of 
abstract topics, such as complex numbers and formal proof, might mystify students. 
These are often justified as either helpful for mental discipline or simply as vehicles for 
teaching mathematical practices. The problem with mental discipline arguments, as 
previously described, is that few of these arguments are supported by research. The 
problem with the mathematical practices argument is that it does not explain why a 
particular topic is included in the curriculum. Why not teach the practices using a topic 
that is more relevant to students? The pure mathematical aim can provide a more 
compelling justification.  
I am not suggesting that intellectual interpretive and pure mathematical aims be 
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used to rationalize topics that should not be in the curriculum. Instead, I am suggesting 
that the intellectual interpretive and pure mathematical justifications are important 
reasons to teach mathematics. However, they were not evident in the selected curricular 
systems, which could explain why these aims may not be accomplished. 
One set of absent aims that I believe to be particularly important is citizenship 
aims, especially those oriented toward social justice. There is a field-wide concern with 
the impact that differential achievement in mathematics by race and class has on the 
economic and social futures of students from marginalized racial and economic groups 
(Hanushek et al., 2019; Martin, 2015; NCTM, 2000). The bulk of recent efforts to close 
these gaps have focused on ensuring students have equal access to high-quality 
mathematics (Moses & Cobb, 2001; NCTM, 2018). It is equally vital that mathematics is 
relevant to students from these groups (Aronson & Laughter, 2016; Ladson-Billings, 
2014; Tate, 1995). Although practical aims with intended central activities in personal 
finance and employment can partially fulfill this need, these aims are geared toward 
enabling students to participate in the system as it is and do not provide a way to 
understand and change the system that perpetuates their marginalization (Gutierrez, 2009; 
Gutstein, 2006). Citizenship and social justice aims in mathematics are also important for 
students from dominant groups. For those aware of and concerned about inequality in 
society, these aims provide a tool for change. For the unaware, this kind of work in a 
mathematics class can help them understand the critical dynamics that shape the country 
in which they live.  
Intellectual interpretive, pure mathematics, and citizenship aims may be neglected 
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because, in general, mathematics education is more concerned with supporting 
consumerism and commerce (Harouni, 2015; Rubel & McCloskey, 2021). There is 
evidence of this in the curricular systems. For example, the three contextualized lessons 
with the highest level of aims permeation are oriented toward the central activity of 
personal finance (i.e., Ms. Heath and Ms. Morgan’s Compound Interest lessons and Mr. 
Mays’ Big Loans lesson). Of the two other lessons with contextual problems, one is 
largely focused on business and personal finance problems (i.e., Ms. Lavelle’s Real-Life 
Applications of Systems lesson), leaving just one focused on a nonfinancial situation (i.e., 
Mr. Mays’ Similar Triangles lesson). 
The analysis presented in this dissertation also revealed a reason aims evident in 
the curriculum might not be met. Assumptions made during curriculum construction 
about connections between intended mathematical proficiencies and aims may not be 
warranted. In other words, the curriculum may be shaped assuming mathematics helps 
students prepare for life beyond the classroom in ways that it does not. 
Since the late 1800s, mental discipline aims have been a justification for the 
universal teaching of high-level mathematics, to varying degrees, despite a failure of 
research to support their validity (Attridge & Inglis, 2013; Bressoud, 2017; Kliebard, 
2004; Stanic & Kilpatrick, 2003). This phenomenon is echoed in the findings of this 
study. In Ms. Lavelle’s Real-Life Applications of Systems lesson, Ms. Morgan’s Rational 
Expressions lesson, and Ms. Heath’s Compound Interest lesson, mathematical problem-
solving is connected to general problem-solving skills beyond the classroom. However, 
research has yet to show that this occurs. Problem-solving skills developed in one domain 
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do not generally transfer well to problem-solving in another (Bressoud, 2017; Jurdak, 
2006; Kollosche, 2018). This is not to say that mathematical problem-solving in school 
mathematics is not a valuable undertaking. On the contrary, it may help prepare students 
to solve difficult mathematical problems beyond the classroom (an objective I would 
categorize as a practical aim). However, if curriculum developers or teachers are shaping 
mathematics curricula to prepare students to be better solvers of nonquantitative 
problems (the mental discipline aim), they are likely to be disappointed. This could 
explain part of the concern that schools are not adequately preparing students for problem 
solving in the workforce (Gonser, 2018; Johnston, 2019; Minners, 2012); there may be 
unreasonable expectations that need to be adjusted.  
Another potentially unwarranted assumption uncovered in in this study that might 
explain why aims may not be achieved was stated by Mr. Mays in his aims and 
influences interview and connected to all three of his lessons. He suggests that working 
on difficult problems will make students smarter in general. The construct of general 
mental strength is a difficult one to shape curriculum around. It is multifaceted (Canivez, 
2013) and must be carefully described. Sloppy uses of the idea have led to problematic 
uses of the construct (Cleary et al., 1975). Any claim concerning the effect of studying 
mathematics on general mental strength would require significant elaboration before 
being able to be effectively used in curriculum development, planning, and enactment.  
All 10 lessons analyzed in this dissertation connected intended mathematical 
proficiencies (either content or practices) to practical aims in at least one stage. However, 
any assumption that mathematical proficiency learned in school can be easily applied to 
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practical situations beyond the classroom cannot be taken for granted (e.g., Carraher et 
al., 1985; Lave, 1988; Williams et al., 2001). Although there is no consensus on what is 
required of schooling to enable the application of learning to practical situations beyond 
the classroom, two important themes have emerged from the research (Wake, 2014). The 
first is that the process of applying mathematics to new situations is both as difficult and 
as generative as learning new, more abstract mathematics and needs to be attended to if 
practical aims are to be taken seriously. The second theme concerns the importance of 
understanding learning as not only changing what students can do but also changing what 
they are becoming. If the aim of a lesson is the practical application of mathematics 
beyond the classroom, then students must view themselves as users of practical 
mathematics. This prepares them to ask the kinds of question of the material that will 
prepare them for this use. For example, if students view themselves only as students 
trying to pass a test, their questions about the material will revolve around that (e.g., 
“What do we have to know?”). However, if students see themselves as users of 
mathematics, then they bring different, more generative, questions to the materials (e.g., 
“How can the difference between linear and exponential functions help me understand 
interest rates?”) Whether these lessons effectively employ practices that support transfer 
of knowledge is beyond the scope of this dissertation. However, in revealing and 
attending to the practical aims evident in the lesson, this dissertation points out where 
assumptions about transfer are made, providing addition evidence of the need for their 
scrutiny.  
If aims are not shaping curriculum, what is? If educators are not looking beyond 
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the classroom, they are likely focusing on the internal logic of school mathematics (what 
I refer to as disciplinary logic). In the case of secondary mathematics this is the sequence 
of classes that dominate secondary mathematics nationally: two years of algebra, one 
year of geometry (or an integrated version of these three classes), and trigonometry 
building toward calculus (Dossey et al., 2016; Sparks, 2018). The influence of 
disciplinary logic is evident in the disciplinary organization of influential standards 
(NCTM, 2000; NGACBP/CCSSO, 2010) and the persistence of geometry and algebra as 
the core of secondary mathematics since the 1800s (Dossey et al., 2016; NCTM, 2018). 
This influence is most evident by the finding that half of the lessons in this study had 
unconnected mathematical proficiencies, and 40% had future math as part of their object. 
The strong presence of opaque assessment aims in half the lessons also suggests a 
disciplinary logic because the only beyond-the-classroom justification available for 
proficiencies connected to these aims is that they are on an important test. Finally, the 
variability in the components of objects across stages suggests a strong role for 
disciplinary logic. If teachers are unconvinced by the beyond-the-classroom justifications 
that instructional materials offer for the proficiencies they contain, they may not be strong 
justifications. This suggests that many of these justifications may not be a priori reasons 
for including proficiencies in the curriculum but after-the-fact beyond-the-classroom 
rationalizations for proficiencies included for disciplinary reasons. Furthermore, the fact 
that students do not perceive the aims evident in the planned/enacted stages suggests that 
teacher aims may also be after the fact, rather than a priori. 
Various factors can explain the influence of disciplinary logic in shaping 
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curricular objectives. First is the attractiveness of the original justification for the 
universal teaching of the traditional school mathematics topics—that these topics provide 
for the development of broadly applicable cognitive skills such as logic and problem 
solving (Committee on Secondary School Studies, 1894; Kliebard & Franklin, 2003). 
Although research has yet to support this justification, this dissertation’s results show that 
mental discipline aims are evident in at least one stage in six of the 10 lessons analyzed.  
Second, the exchange value of advancement through the traditional topics of 
school mathematics, algebra, geometry, trigonometry, and calculus has become frozen in 
an accountability structure that perpetuates the importance of these topics (Steen, 2001). 
High-stakes tests, college entrance exams, and college admissions position these topics, 
especially calculus, the capstone to which they build, as the measure of success for both 
students and schools (ACT Inc., 2021; NGACBP/CCSSO, 2010; The College Board, 
2021b, 2021a). Thus, this content is abandoned at great risk.  
Third, the power of the disciplinary logic of school mathematics is familiar to any 
secondary mathematics teacher who makes decisions about what topics to include in their 
class. There is something compelling about teaching all aspects of a topic, even if there is 
no aim to justify it. For example, to teach students how to factor a quadratic expression 
without addressing what happens when the coefficient of the leading term is not one can 
feel incomplete to teachers and curriculum developers. However, there is little beyond-
the-classroom reason to do so because this is work that technology can do once students 
understand the larger concept.  
A final factor that may contribute to the influence of disciplinary logic as a 
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curriculum shaper is its ability to adapt to societal changes without altering its 
fundamental approach. Here I am referring to the reform efforts of the past 40 years to 
increase the level of mathematics taught in U.S. classrooms. These efforts have been to 
make school mathematics more like disciplinary mathematics by emphasizing high-level 
practices such as pattern sniffing, looking for and making use of structure, and problem 
solving (Cuoco et al., 1996; NGACBP/CCSSO, 2010; Schoenfeld, 1992). A significant 
argument for this change has been that, given technological advances, these practices are 
more applicable to life beyond the classroom than traditional fact- and procedure-based 
mathematics. However, despite the relationship between these practices and aims, this 
connection was not used in the examined systems to shape the curriculum in clear, 
consistent ways. This absence suggests that underneath the aims that were described, 
disciplinary logic still played a powerful role. 
If the modest role of aims in shaping the mathematics curriculum evident in these 
curricular systems is endemic to mathematics education in the United States, it is a 
problem that must be corrected. First, shaping a curriculum around disciplinary logic 
creates a goal that can never be achieved. To completely teach the topics currently taught 
in the curriculum would already require more time than is available (Seeley, 2019; 
Usiskin, 1980). It leaves no room for new topics needed as society changes and no 
criteria for eliminating topics that are no longer needed. Strong arguments are being 
offered for a rethinking of the content of secondary mathematics. The most prominent 
topics promoted are statistics (Bargagliotti, 2020; Shaughnessy, 2011), which has made 
some important inroads (NGACBP/CCSSO, 2010; The College Board, 2019), and data 
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science (Boaler & Levitt, 2019; Koh, 2020). An aims-based approach must be taken to 
evaluate these claims. This imperative is consistent with the idea that educational 
objectives must be chosen in accordance with a broader educational philosophy (Tyler, 
1949). 
Shaping a curriculum around disciplinary logic can also result in the nightmare 
scenario of a mismatch between exchange value and use value. This is when the 
mathematics that students have to know to fully participate in society (e.g., pass high-
stakes tests) is not the mathematics that makes them stronger participants in society. 
There is strong evidence that this is the case. Explorations of the practical application 
value of the current topics in secondary school mathematics beyond Algebra 1 and 
Geometry have shown it is confined to a small percentage of the population (Carnevale & 
Desrochers, 2003; National Center on Education and the Economy, 2013). In a system 
where students from dominant groups have an advantage in academic success (Hauke 
Straehler-Pohl et al., 2014; Hoadley, 2007; Martin, 2000; Stinson, 2013), this means that 
the primary function of teaching and learning school mathematics has become the 
maintenance of social and economic inequality.  
One of the key advantages that students from dominant groups have in achieving 
academic success in school mathematics is rooted in the discipline-based shaping of the 
curriculum. As mentioned earlier, there is growing evidence that learning in mathematics 
is not only a matter of engaging in the doing of mathematics but also a matter of 
engaging in the sense of becoming something different as a result of learning 
mathematics (Wake, 2014). Students from marginalized groups are much less likely to 
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see themselves as mathematicians if mathematics is not positioned as functional beyond 
the classroom (Martin, 2000; Tate, 1995). Even assessment aims are not as compelling to 
students from marginalized groups because these students are less likely to have faith in 
the system high-stakes tests are a part (Martin, 2000). Thus, the shaping of curriculum 
based on disciplinary logic works to reinforce existing inequalities in multiple ways.  
8.2 A New Dimension of Curricular Systems Research 
Researchers constructed the theory of curricular systems on which this 
dissertation is based to provide a framework for understanding the role of teachers in 
mediating the impact of other influences such as standards; high-stakes tests; and, most 
important, curricular materials on the curriculum students experience in the classroom 
(Stein et al., 2007). The primary concern of this existing body of work is to track the 
nature of the mathematics with which students engage as the curriculum is transformed 
across the stages and understand the influences that affect these changes (Henningsen & 
Stein, 1997; Stein & Lane, 1996). This focus on the nature of the mathematics reflects the 
emphasis of mathematics education in general on improving the quality of the 
mathematics taught as measured by engagement with high-level mathematical practices 
as opposed to more traditional fact- and procedure-based material (NCTM, 2000; 
NGACBP/CCSSO, 2010; Stein et al., 2007). Accordingly, explorations into the factors 
that influence transformations in curricular systems have assumed high-level 
mathematics as the desired outcome in curriculum and have focused on disciplinary-




The framework developed in this dissertation expands the reach of curricular 
systems theory to include aims. Using this new theory, this study reveals important 
aspects of how teachers participate with curricular materials that the unaugmented 
framework cannot discern. Two aspects of this participation are the power of teachers to 
transform the curriculum and limitations on this power. The power of teachers is evident 
in the contrast between the changes that occurred across the instructional materials and 
teacher-planned stages and the changes that occurred across the teacher-planned and 
enacted stages. The changes across the first transformation were substantial, illustrating 
the agency available to teachers as they develop plans from instructional materials. 
Specifically, teachers increased the emphasis on mental discipline, exchange value, and 
socialization aims while deemphasizing practical aims and unconnected mathematical 
content. In contrast, there were almost no changes between the teacher-planned and 
enacted stages, demonstrating the power that teachers have to make their aims evident in 
the enactment. The one exception occurred in Mr. Mays’ Big Loans lesson, where a 
student-generated conversation created a new aim in the enacted lesson. The limitations 
of teacher agency to influence the transformations between stages are evident in student 
perceptions. Students perceived more of the aims evident in the instructional materials 
stages than those evident in the teacher-planned stage/enacted stage, even when the 
instructional materials’ aims were absent in the teacher-planned/enacted stage. This 
points to the textbook’s ability to set broad expectations across a course that influences 
student outcomes even when the plan and enactment diverge from the materials.  
In addition to examining the changes teachers make as they transform curriculum, 
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curricular research also looks at teachers’ decisions not to transform curriculum. The kind 
of analysis I conducted in this dissertation, (i.e., identifying the aims evident in and 
across stages of curriculum) provides a potential new dimension for evaluating the 
curriculum envelope (Ben-Peretz, 1990) — whether the object (i.e., evident aims and 
unconnected mathematical proficiencies) of the lesson changed in implementation. This 
approach is consistent with existing research that used activity theory to examine whether 
different subjects in the same lesson (i.e., teachers and students) have the same object. 
Under activity theory, this question is phrased as whether they are engaged in the same 
activity (Jaworski et al., 2012). If teachers and curriculum developers are engaged in the 
same activity, then teachers are likely to act within the curriculum envelope of the 
instructional materials. 
A final affordance of aims for curricular systems theory is that it may help explain 
why some teachers are reluctant to embrace recent curricular reform efforts. Previous 
studies focused on how variations in teachers’ conceptions of mathematics influence how 
they implement reform curriculum (Remillard, 1999; Sleep & Eskelson, 2012). Perhaps 
analyzing perceptions of aims connected to new curriculum might add a new dimension 
to understanding teacher reluctance and provide new insight into how to help teachers 
understand the affordances of reform approaches. If arguments based on the definition of 
mathematics are not convincing to teachers, perhaps arguments around the aims of the 
curriculum will be more compelling. Alternatively, perhaps curriculum will have to be 
more focused on aims to be successfully adopted as teachers find some relief in not 
having to struggle to justify the mathematics they teach. 
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8.3 Limitations and Future research 
In this section, I will discuss some limitations of this study and recommend future 
research. Most of the future research I recommend concerns rectifying limitations. One 
significant limitation of this study is that although I am well-qualified to do this work, I 
am only one researcher.  One important qualification that I have to do this work is that I 
spent 11 years as a classroom teacher working in communities with racial, economic, and 
social characteristics similar to the communities that Harris Charter School and Warren 
High School serve. Also, I have spent the past 7 years as a doctoral student conducting 
qualitative research in mathematics education and studying the literature relevant to this 
research. However, as a White, Jewish, cis-gender male from an upper-middle-class 
background, I bring a particular perspective to the analysis. This work would benefit 
from replication by researchers with different backgrounds, preferably working in diverse 
teams.  
Another limitation of this study is that an important aspect of the framework 
needs further refinement: assessing the authenticity of tasks. I did my best to determine 
the authenticity of tasks using my knowledge of the students and the world they will enter 
beyond the classroom. My perspective, however, is limited. This framework would be 
strengthened considerably by research into what makes a task authentic for different 
groups of students. This work would presumably involve, students, families and 
information from the central activities to which students aspire.  
A third limitation of this study is its scope. In this study, I examined a limited 
number of lessons, a narrow range of curricular systems, and limited aspects of the 
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examined systems. I also omitted some kinds of mathematical proficiencies. Future 
research that examines a larger number of lessons, especially sequential lessons, could 
reveal information not found in this study. The primary reason for this would be to find 
connections between intended mathematical proficiencies and aims in the curriculum that 
are not evident in an isolated lesson. This happened by happenstance in this study. Ms. 
Lavelle’s Solving Systems Using Substitution lesson immediately followed her Real-Life 
Applications of Systems lesson. As a result, the connection between solving systems of 
equations and practical aims in the materials was apparent to me from the first of the two 
lessons and informed the analysis of the subsequent lesson. It is possible that similar 
connections were missing in other lessons where previous or subsequent lessons were not 
analyzed. I designed the analysis of overview data to surface these kinds of connections, 
but a larger sample of lessons would provide a more complete account of the connections 
evident in the system. 
The range of curricular systems studied was narrow in multiple ways. The two 
schools studied were in or near the same urban area and have economically and racially 
diverse or primarily Black and Latinx low-income students. Both schools used curricular 
materials with an inquiry-oriented structure, and the teachers were supportive of this 
approach. Also, none of the teachers had used their curriculum for more than 2 years. 
Thus, there would be significant value in investigating systems with different 
characteristics.  
Investigating the role of aims in rural or upper-income suburban communities 
would be a valuable place to start to inquire if the role of aims and the evident aims are 
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different for systems where students might have different conceptions of their future. It 
would be important for this work to include the initial student interviews in the analysis 
and code for students’ conceptions of their futures. The questions asked in this study did 
elicit this kind of information, but students' responses were not varied enough to merit 
analysis. There would also be value in future studies that include more variety with 
respect to curriculum materials. That is, in schools with more traditional materials (i.e., 
heavily dependent on exposition and worked examples) with teachers who have various 
perspectives on their materials and teachers who have been working with their materials 
for longer than 2 years. Variety in approach to curricular structure, both in materials and 
in teachers, would reveal whether curricular approach has any influence on roles for 
aims. Examining systems with teachers who have worked with materials for longer 
would provide information on whether the roles of aims change over time and if the 
consistency of objectives across stages grows as teachers get to know their materials 
better.  
A broader investigation of the role of aims in curricular systems would also 
include more aspects of the curricular systems studied. One key aspect that was omitted 
in this study is the official curriculum. It would be important to learn if the aims evident 
in the official curriculum and if the transformation of curriculum from official to the 
other stages display the same characteristics as were found in the stages and 
transformations investigated here. This could provide further evidence of the modest role 
of aims in the system or a contrasting perspective. If the latter is found, it would raise 
important questions about why a top-level focus on aims is not filtering down to the 
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stages more directly connected to teachers and students. 
Another aspect of curricular systems that I did not include in this study is 
students’ families. As a group with a significant investment in student outcomes, their 
perspective on aims is critical for understanding aims in systems. Are their aims in 
accordance with those of policymakers, instructional materials, teachers, and even the 
students? Do these aims differ between families of different races, social classes, and 
national origins? This perspective is important to know as families should have a strong 
voice in what is taught and why. 
A third aspect of the curricular systems that I did not study is teachers’ and 
students’ overall perspective on aims. Although I asked detailed questions during initial 
interviews about these perspectives, I did not analyze this data except for how it 
illuminated the connections evident in the lessons analyzed. It would be valuable to use 
this data to create an aims profile of each teacher and student and investigate how their 
broader perspective on aims influences their work as they transform curriculum. The 
teacher perspective would provide additional information on the impact of the 
instructional materials on the system. Even though teachers appear to make many 
changes in the transformation from instructional materials to teacher plans, it may be that 
if we consider teacher’s overall perspective, we may see a larger influence of the 
instructional materials than is evident in this study because the changes they make may 
be influenced by their broader engagement with the materials. Examining students’ 
broader perspectives would provide additional insight into the strong teacher influence on 
the enacted lesson. This would reveal whether this influence is due to consonance in the 
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aims of teachers and students or whether students are deferring to teachers’ aims in the 
enactment.  
A fourth aspect of the curricular systems that merits more attention is student 
outcomes. In talking to students about aims, I learned which aims are important to them 
and which aims were evident to them in lessons. I did not, however, learn whether the 
lessons succeeded in their educational objectives. There would be significant value in 
including measures of achievement of both intended mathematical proficiencies and aims 
to see if the aims evident in stages of curriculum influence what students do as a result of 
the lesson. This work would also be a strong test of assumptions identified about 
connections between intended mathematical proficiencies and aims—information that 
would be critical for future curricular work. Measuring the achievement of aims would be 
particularly challenging because it is difficult to measure beyond-the-classroom 
objectives while students are still in the classroom. This may require some longitudinal 
work. 
With respect to the kinds of mathematical proficiencies examined, I limited this 
dissertation to proficiencies explicitly stated in lessons. In textbooks, such as the ones 
analyzed in this study that emphasize mathematical practices and mathematical content, 
there are mathematical practices named as intended mathematical proficiencies in 
introductory materials that are described as taught throughout the curriculum. Although 
CPM generally listed the mathematical practices addressed in lessons at the beginning of 
each lesson, Achievement First did not. Future research could code for implicit 
mathematical practices mentioned in curriculum overviews but not explicitly described in 
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each lesson. This could provide additional insight into the relationship between intended 
mathematical practices and aims. I did not do this in this study because of the subjectivity 
involved in the coding and the danger of artificially elevating the number of unconnected 
mathematical proficiencies.   
My one recommendation for future research that does not stem from a limitation 
of the study concerns the power of students to shape the aims evident in the enacted 
curriculum. The findings of this study paint a seemingly grim picture of student agency in 
this respect. Aside from Mr. Mays’ Big Loans lesson, there was minimal change in 
evident objectives of lessons between the teacher-planned stage, in which the teacher has 
total control, and the enacted stage, in which students can influence the unfolding 
curriculum. Students should influence the evident aims in the curriculum because such 
aims are the ones they are ready for and invested in and, thus, are ones that are likely to 
be achieved. Mr. Mays’ lesson provides initial indications of how this might be 
improved. It was a lesson built on student interests. He chose to have students investigate 
credit scores and interest because they had asked about these topics. Also, it was 
structured to give students the freedom to follow personal interests within the lesson 
structure. They chose whether to research houses or cars and which houses and cars they 
would investigate. Finally, Mr. Mays’ made space in the lesson for student thinking. He 
kept them on task but welcomed and responded to a wide range of questions. Further 
research is warranted to investigate whether these characteristics show up in other 
lessons, whether they lead to similar student power, and what other lesson characteristics 




The central finding of this dissertation, that aims only play a modest role in 
shaping curriculum in the examined curricular systems, is deeply concerning. If 
mathematics education has become a self-referential system that only serves to perpetuate 
itself and, in doing so, perpetuate inequality in society, then reform is truly needed. At its 
best, curriculum is not just a delivery system for content but a tool of transformation. It is 
a means for students to expand their knowledge of possible futures, enhance their ability 
to participate in the activities to which they aspire, and inspire them to work for change in 
their communities and society. Mathematics can open new worlds for students: 
professional, political, and personal; useful and beautiful. If mathematics educators at all 




 APPENDIX A: INITIAL INTERVIEW WITH STUDENTS 
I will begin the interview by stating that I am going to be asking them about their 
thoughts concerning mathematics and math class and that I want them to answer 
honestly, not what they think they should say. I will let them know that the contents of 
this interview are confidential—it will not be disclosed to their teacher or their parents 
but only used anonymously in my research. 
1. “What do you hope to get out of this course?” 
a. If they mention aims, I will follow up, as needed, to clarify what they mean by 
particular aims. For example: 
i. “Can you tell me a bit more about what you mean by x?”  
ii. Student refers, in a general way, to numeracy. 
(1) “Tell me more.” 
(2)  If that does not elicit clarification I will ask 
(a)  “In what way do you see mathematics as important for day-to-day 
life?” 
iii. Student refers to general reasoning. 
(1) “Tell me more.”  
(2) If that does not elicit clarification I will ask 
(a) “What kind of thinking does mathematics help students develop?” 
iv. Student refers to exchange value aims. 
(1) “Why do you think this material is required for high school graduation?” 
(2) “Why do you think this material is important for college admissions?” 
b. “Is there anything else you hope to get out of this course?” 
c. If they do not identify any goals I will ask  
i. “Why do you think you are required to take this class?” 
(1) If they identify aims, I will ask follow-up questions similar to 1a above as 
needed. 
2. “Is there anything else you hope to get out of this class?” 
a. If new aims emerge from this question I will follow up for clarification, as 
needed, in similar ways to 1a 
i. I will continue asking this question until students have no more aims to 
describe. 
3.  “What do you think your teacher hopes you will get out of this class?” 
a. “What does your teacher say or do that makes you think that?” 
b. If new aims emerge from this question, I will follow up in similar ways to 1a 
i. “Is there anything else you think your teacher hopes you will get out of this 
class?” 
4. Once students have indicated that they have described all of their goals for this class, 
I will describe my understanding of what they have said to ensure that I have captured 
everything that they want to say in the way they mean it. If they perceive errors, we 





 APPENDIX B: AIMS AND INFLUENCES INTERVIEW GUIDE 
1.  “What do you hope your students will get out of this class?” 
a. If the teacher asks, “What do you mean?” I will respond by saying “Feel free to 
interpret the question in any way that makes sense to you.” 
b. Initial follow-up questions will focus on responses that directly mention aims. 
These questions will be constructed to clarify what the teacher means by each aim 
mentioned. 
i. For example: 
(1) “Tell me a bit more about what you mean by x?” 
(2) If the teacher refers, in a general way, to numeracy. 
(a) “Tell me more.” 
(b) If that does not elicit clarification I will ask 
(i) “In what way do you see mathematics as important for day-to-day 
life?” 
(3) If the teacher refers to general reasoning. 
(a) “Tell me more.”  
(b) If that does not elicit clarification I will ask 
(i) “What kind of thinking does mathematics help students develop?” 
ii. If the teacher refers to exchange-value aims, I will ask follow-up questions to 
elicit any thoughts the teacher has for why mathematics has exchange value.  
(1) For example 
(a) “Why do you think this material is required for high school 
graduation?” or 
(b) “Why do you think this material is important for college admissions?” 
c. The second set of follow-up questions will focus on mathematical goals 
mentioned by the teacher.  
i. For each goal mentioned, I will first seek to elicit any connection the teacher 
sees between the goal and aims. 
(1) For example, if the teacher mentions a content-oriented goal such as “I 
want my students to leave this class with a deep understanding of 
quadratic functions.” or a process-oriented goal such as “I want my 
students to make use of mathematical structure.” I will ask 
(a) “Why do you think it important for them to have a deep understanding 
of quadratic functions?” or  
(b)  “Why do you think it important for students to be able to make use of 
mathematical structure.?”  
ii. I will then draw attention away from my interest in aims by spending some 
time focusing more closely on the mathematical goals by asking how their 
value of the goal impacts their decision making. 
(1) For example, 
(a) “Can you give me some examples of curricular decisions you make 




2.  “Is there anything else that you hope your students will get out of this class?” 
3. Once teachers have indicated that they have described all that they hope for students 
to get out of the class, I will describe my understanding of what they have said to 
ensure that I have captured everything that they want to say in the way they mean it. 
If they perceive errors, we will continue to discuss their perspective until my 
description matches their intended response. 
4. “Describe any forces outside of your classroom (administrators, high stakes tests, 
standards, etc.) that support or constrain your efforts to achieve the goals we have 
been discussing.” 
a. If teachers describe forces but do not elaborate on how the forces impact the 
teachers’ work, I will ask 
i. “Can you tell me more about how this supports/constrains you?” 
b. For each force that teachers identify, I will elicit their view of the aims that shape 
that force while minimizing the extent to which I refer to aims directly.  
i. For example, if teachers state that preparing students for high-stakes tests 
makes them move faster through the curriculum then they would like I would 
ask “Why do you think it is required that you cover this material?” or 
ii. If teachers state that their principal is requiring them to teach with more open-
ended problems, preventing them from covering the material that they think is 
needed, I will ask “Why do you think the principal wants you to emphasize 
these kinds of problems?” 
c. I will ask follow-up questions as needed for clarity. 
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 APPENDIX C: INSTRUCTIONAL MATERIALS INTERVIEW GUIDE 
I will ask teachers to bring their textbook or any other instructional materials that they 
use or are required to use to this interview. 
1. “Please describe how you introduce your course at the beginning of the year. 
Describe what you planned, what actually happened, and what you believe students 
gained from it.” 
a. If there is confusion about what I mean by “introduction”, I will clarify that I 
mean any broad framing of the class that they undertook in the first week or two 
of class. 
b. If their answer does not refer to aims, I will follow up by asking 
i. “In your introduction do you talk about what you want them to get out of the 
class?”  
2. “Which of these materials are supplied by the school and which have you acquired on 
your own?” 
a. “In what ways do the supplied materials support or constrain what you are trying 
to accomplish with your students?”  
b. “What do the additional materials offer that the provided materials do not?” 
3. For each of the teacher’s stated goals and aims from the first interview, I will ask  
a. “Can you identify topics, units, lessons, or any aspect of this class that are 
particularly supportive of this goal?” 
I will encourage them to refer to the scope and sequence, table of contents, and 
even individual lessons when responding to questions. 
i. If there are curricular intentions that are not addressed by available materials I 
will ask “Do you address this goal?” 
ii. If the answer is “Yes” I will ask “How?” 
4. If, after we discuss all of their educational ends, the teacher has not yet raised 
mathematical practices as a support for aims, I will say  
a. “You have focused completely on how content supports your goals. Are any of 
your goals supported by the mathematical practices that you help your students 
develop?”  
5. “Are there any topics, units, or lessons that you teach that do not support any of the 
following goals that you described in our initial interview?” 
a. I will then list only the aims mentioned by the teacher in her aims interview. 
b. “Does the fact that these topics do not support the goals you describe impact how 
you teach these topics?” 
i. If they are not sure what I mean, I will ask more specific questions such as 
“Does it affect the amount of time that you spend on the topic?”, “Does it 
affect the extent to which you seek a deep understanding of the topic?”, or 





 APPENDIX D: FIRST-DAYS-OF-SCHOOL ENACTMENT OBSERVATION 
TOOL 
Time Evident aim Description of what is 
happening in the class 
Additional notes 
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 APPENDIX E: PRE-OBSERVATION INTERVIEW GUIDE 
1. “Please describe, in detail, your plans for the lesson.” 
2. “Please show me any curricular materials that you will use with the students.” 
3. If not covered by the answers to previous questions, I will ask the following follow-
up questions. 
a. “What are your mathematical goals for the lesson?” 
b. “Why did you choose these particular tasks?” 
c. “Why did you choose this particular sequence for the tasks?” 
d. “How will you assess this material?” 
e. “How did your curricular materials help you plan this lesson?” 
f. “How will your curricular materials help you teach this lesson?” 
4. If teachers plan to deviate from the curricular materials, I will ask 
a. “Why are you planning to do this differently than your materials suggest?”  
5. If teachers do not mention the aims that they connected with this lesson in the initial 
interview, I will ask  
a. “Does this lesson help accomplish any of the goals that you mentioned in our 
initial interviews?” 
b. If needed I will remind teachers of the aims they mentioned in the aims interview. 
c. If the answer is “yes”, for each intention mentioned I will ask  
i. “How does this lesson help accomplish that goal?” 
ii. I will ask clarifying questions as needed. 
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deviation from the 
lesson plan 
Description of what 
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 APPENDIX G: POST-OBSERVATION TEACHER INTERVIEW GUIDE 
1. “Where there any surprises during the lesson?” 
a. If, in describing the surprises, teachers do not refer to the decisions they made in 
response to the surprises, I will ask  
i. “Tell me about your response.” 
ii. If they do not explain why they responded in this way, I will ask them 
(1) “Why did you respond in that way?” 
(2) If they do not connect their response to aims, I will ask 
(a) “Does your decision connect to any of the aims for school 
mathematics that you mentioned in our initial interview?” 
(b) If they do not remember the goals they mentioned, I will remind them. 
b. If there are any decisions that I note during the enactment that she does not raise 
in the interview, I will ask: 
i. “I noticed that when x happened, you decided to y. Can you tell me your 
rationale for y?” 
ii. If they do not remember the decision, I will play the video tape for them. 
iii. If they do not connect their response to aims, I will ask 
(1) “Does your decision connect to any of the goals that you mentioned in our 
initial interview?” 




 APPENDIX H: POST-OBSERVATION STUDENT INTERVIEW GUIDE 
“What are your thoughts about the lesson?” 
If the conversation does not naturally turn toward aims, I will follow up by asking  
1. “Why do you think you are studying this topic?”. 
a. If they do not discuss aims that they mentioned in the initial interview I will 
remind them of these aims and ask  
i. “Do you think this lesson addressed any of these aims?”  
(1) If they say yes, I will ask 
(a) “How was that aim addressed in the lesson?” 
(b) I will push for details, including particular tasks or statements by the 
teacher. 
(c) If students have a vague memory of something that happened in the 
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